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ABSTRACT
A comprehensive study of the methods and equipment used for soil
sampling in Louisiana has been conducted.

The effects of various sampl

ing and handling methods on the engineering properties of cohesive soils
were examined.
The types of samples studied included block samples, Osterberg
samples and thin-wall shelby samples (5-in. and 3-in . diameter).

The

selection o f the sampling sites was based on an attempt to find soils
which would be conducive to a study on sampling and also would be
representative of material encountered by soil engineers in this area.
The soils sampled in the study varied in geologic age, composition and
structure.
The results of the investigation show that a single unique sampling
program for all geographic sites in not practical.

Variation between

and within the test results of the different sample types was found to
be significant.

I t was observed that even samples visually identified

as homogeneous specimens exhibited inherent variations in their physi
cal properties.

As a result of the study, i t was determined that: the

soil fabric is a major consideration in selecting the best sampling
method.

The sampling methods currently used in Louisiana can drasti

cally a lte r test results of soil properties.
does have an effect on Louisiana soils.

The sample size and type

Specimen from the larger

diameter samples were found to be superior to the smaller diameter
samples.

The block samples were the least disturbed.

Sample storage

time has an effect on the properties of the soil and is influenced by
the sampling technique.
xix
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In the study, X-ray radiography techniques were used and found
to be a valuable non-destructive tool for assessing the extent of
sampling disturbance and other anomalies of the sample.

.XX
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CHAPTER I
INTRODUCTION
Soil Sampling - Objective of Stocty
Soil sampling involves the removal of small pieces of the soil
mass.

i

I t is the most conrnon and relied upon method for identification

and evaluation of the physical and chemical properties of the material.
I t is the only means available to the engineer whereby a positive identi
fication of the soil strata is possible.

Although soil samples are not

always required in every foundation study, most engineers find then
necessary when confronted with a project involving a significant economic
investment or one which w ill result in the alteration of the substrata's
existing conditions.

The results of the tests conducted on the sampled

material provide the designer with the criteria on which the foundation
design w ill be based.
Much progress has been made in the testing methods and in the
analytical approaches used by soil engineers.

The weakest link at this

time appears to be lack of confidence in the valid ity (or accuracy) of
the values used as engineering properties or soil constants.

The re

sulting situation is that of the utilization of representative or
average soil constants which the designer may feel is conservative
(Poplin & Arman, 1973, pp. 88, 89).
two fold.

The causes of this situation are

The f ir s t is due to the inherent variation of soil.

The

second is due to the alteration of the soil properties of the samples
during sampling, handling, and storage.
In natural soil deposits, i t is not uncommon to find erratic
1
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variations of the soils1 properties both in vertical and lateral
direction.
When sampling is deemed necessary as part of the site investigation,
i t is important that the quality of the sample be at the level necessary
to obtain accurate information.

Herein lies a second and important

consideration when evaluating data furnished by a soil testing lab.

Re

gardless of how sophisticated the equipment or techniques used, the
quality of the end results, at best, cannot be better than that of the
test sample.
With the ava ilab ility of more and more computer aided design tech
niques and other powerful tools such as the fin ite element analysis,
engineers are today in a better position to take into account the natural
variation which may exist in a s o il.

The problem of sample quality s t il l

exists, however.
There is an important need for regional studies to determine those
detrimental effects, i f any to sample quality which results from
standard sampling methods.

Such information would be of great value to

foundation engineers in their efforts to provide a safe, economic design.
"In general terms where undisturbed samples are required because dis
turbance w ill affect the value of the property which controls soil be
havior in the particular problem, every e ffo rt should be made to reduce
disturbance to a minimum," (Golder, 1971).
The objective of this study was to determine the effects of con
ventional soil sampling methods on the engineering properties of co
hesive soils found in Louisiana.

The objective also included a com

prehensive review of the state-of-the-art, an analysis of the effects of
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sampling, sample type and size, sample extrusion, storage and handling
methods and the effects of the storage period on the physical properties
of the so il.

In order to accomplish this a comparative analysis of

different sampling and handling methods was conducted.

Special emphasis

was placed on the effects of current sampling methods employed locally.
Soil Sample Types
Hvorslev (1949) classified soil samples as either non-representa
tiv e , representative, or undisturbed.

This classification is made by

comparing the state of the sampled soil to that as exists in-situ.

A

non-representative sample is one in which soils from different strata
have been mixed.

The representative soil sample is one is which there

is no change in soil constituents but whose structure, water content
or void ratio has been altered.

The undisturbed sample, ideally,

represents the in-situ condition.

The soil structure, water content,

void ratio and mineral composition should not be changed by sampling.
Sample Type as Governed by Soil Properties
I t is not possible to obtain an undisturbed sample in a ll types
of soils.

In a sand for example, obtaining an undisturbed sample

without changing its density would be very d iffic u lt, i f not impossible.
Although a number of devices and techniques (Bishop sampler, injection
process, freezing methods) have been proposed, the nature of a granular
material is such that most soil engineers consider an undisturbed sand
sample as being unobtainable.

As i t turns out, in most cases an un

disturbed sand sample is not necessary.

The results of the standard

penetration test (ASTM D-I586) provides a means of estimating the
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density and provides a representative sample.

This information w ill

suffice in most cases.
In general, clays or soils exhibiting some degree of cohesion
represent the major area of concern whereby undisturbed samples are
required.

Although i t is sometimes d iff ic u lt, methods and equipment

have been devised whereby an acceptable undisturbed sample can be ob
tained.

The quality of the sample w ill depend upon the environment,

methods used, and the properties of the so il.
A more recent system which has been proposed for classifying
sample quality according to specific soil properties is shown in
Table l(Id e l, Muhs, and Von Soos, 1971).

Some of the conclusions that

were drawn as a result of the activities of the Specialty Session on
“Quality in Soil Sampling" at the Fourth Asian Regional Conference
(Altchison, Dover, Lang, 1971) are:
1.

There is a need for definitions of the quality of soil
samples.

2.

There is a general acceptance that the specifications
for sample quality should be varied according to
the purpose for which the sample is used.

3.

In practice, only a minor proportion (252) of e ffo rt
is expended on the class of sampling in which any
real attempt is made to minimize disturbance.

4.

The scheme proposed by Idel, Muhs, and Von Soos fo r
a set of quality classes based on soil properties is
generally acceptable, apparently because i t f i l l s a
recognized need.

Although matters of detail require
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TABLE 1
QUALITY CLASSES FOR SOIL SAMPLES

Qualityclass

1

2

3

4

Soil sample
unchanged in

Primarily determinable

Z,w, y , t ,Es

boundaries of f ir e stratification
grain-size distribution
consistency lim its
maximum and minimum density
specific gravity
Organic matter
moisture content
dry density
porosity, void ratio
compression index
shear strength

Z, w* y

boundaries of fine-stratification
grain-size distribution
consistency lim its
maximum and minimum density
specific gravity
organic matter
moisture content
dry density
porosity, void ratio

Z,w

boundaries of fine-stratification
grain-size distribution
consistency lim its
maximiBn and minimum density
specific gravity
organic matter
moisture content

Z

layer boundaries without finestratification
grain-size distribution
consistency lim its
maximum and minimum density
specific gravity
organic matter
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TABLE 1 (continued)

Quality-

Soil sample
unchanaed in
also Z changes;
uncomplete soil
sample

5

Primarily determinable
sequence of strata

Z = grain-size distribution and/or Atterberg lim its
resp. organic
w = moisture content
Y

= dry density

t

= shear strength

Eg = compression index
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further discussion, there is a general agreement
that the scheme provides a good basis for the evaluation
of quality in soil sampling.
The above statements were based on the results of a written
questionaire.

I t is a reflection of 45 sets of answers from individuals

involved with soil engineering, representing 27 countries.
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CHAPTER I I
SOIL SAMPLING TECHNIQUES
After the decision concerning the need for and type of soil
sample has been determined, the best means for accomplishing the task
must be selected.

The anticipated soil properties, depth and avail

a b ility of equipment must be considered.

Excavation of a hole, large

enough for a man to have access to the material is one way.

A second

would be to d r ill a small hole to the desired depth and then secure a
sample by means of manipulating sampling tools at the end of d r ill
pipe, or wire line.
Block Sampling
A hand-cut sample is rarely specified unless the accessibility
of the soil is near the surface and then only when a large sample or
one sensitive to disturbing forces is sought.

Hand-cut or black

samples as they are comnonly called, are considered in general to be
the best quality.
Borehole Sampling
The most common method of obtaining soil samples is by means of a
borehole.

A continuous vertical hole is formed by removing soil to

the desired sample depth.

Then by using various sampling tools which

are designed for certain conditions, the sample is brought to the sur
face for visual identification and classification, and determination of
those engineering properties of interest.
Methods of Advancing the Borehold
There are several different methods which have been used for
8
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advancing the borehole.

The method chosen isi. usually based upon

regional geology, the ava ilab ility of equipment and the experience of
local d rillin g contractors.

Boring methods vary from country to

country and the results of questionaires concerning this subject have
shown that techniques vary from one locale to another within the
United States (Poplin & Arman, 1973, Kallstenius, 1965, pp 74,75).
The methods and equipment used in placing a borehole have been
discussed in detail by many authors.

Those include hand and mechanical

augers, the wash boring method, and the rotary d r ill method.
The rotary d r ill method offers the greatest degree of fle x ib ility
for a variety of subsurface conditions.

This technique involves the

rotating action of a b it with soil cuttings being flushed, out of the
hole by means of d rillin g flu id circulating through the d r ill stem
and up the hole to the surface.

When the desired sampling depth is

reached, the b it and d r ill stem are retrieved and replaced by the
sampling device.
taken.

I t is then lowered into position and the sample is

Quite often, ro ta ry d rillin g equipment is mounted on a truck.

This includes a folding mast, motors, rotary drive mechanism, winches,
pump, etc.
Stabilizing the Borehold
The s ta b ility of the borehole can occasionally be a problem.

Loss

of flu id circulation or caving in of the borehole w ill quite often
occur when a granular or sandy soil is encountered.
a tendency to close the hole, also.

A soft clay has

In order to prevent blockage of

the borehole, i t may be necessary to use some technique which w ill
give the sides of the borehole support.

There are two ways of doing
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this.

One method is to drive casing pipe beyond the trouble zone.

The second involves the use of a d rillin g mud. This is done by mixing
a commercially prepared thixotropic clay such as bentonite with the
circulating wash water.

The resu lt.is a d rillin g flu id whose density

approaches that of the s o il.

The thixotropic nature of the d rillin g

flu id produces a coating which tends to prevent flow to or from the
hole, thus preventing loss of the circulating flu id .
Samplers
Once the borehole has been established to the desired sampling
depth and the loose soil cuttings have been flushed or removed from
the hole, the d rillin g b it at the end of the d r ill stem must be re
placed by the sampling tool.

The sampling tool which w ill be used

w ill, of course, reflec t the type of sample and soil which is to be
obtained.

Hvorslev (1949) categorized subsurface samples into three

basic types:
(3)

(1) exploration samplers, (2) drive samplers, and

core barrels.

Exploration Samplers:
When l i t t l e is known about the subsurface conditions a t the pro
posed s ite , i t may be necessary to conduct a reconnaissance survey to
determine the location and types of soils present.

The resulting

Information w ill be the basis on which decisions for a more involved
site investigation w ill be made, i f necessary.

Since the object is

mainly one of identification, representative samples w ill suffice.
These may be taken by means of special exploration samplers such as
s l it tubes or cup samplers.

Quite often, however, the samples taken
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are the cuttings obtained with the boring equipment which is used to
advance and clean the hole.
augers.

This includes bailers, sand pumps, and

The sample may to some degree be mixed, but the mixing

should be confined to a small zone.
In drive sampling, the sampler consists of a cylindrical tube
which is forced without rotation into the so il.
the drive, the sampler is rotated.

Upon completion of

This separates the sample from the

parent material and is followed by retrieval of the sampler with the
sample inside a t the surface.

Drive samplers are categorized accord

ing to the absense or presence of a piston.

Thus there are two kinds

of drive samplers used; open drive samplers and piston samplers.
Open Drive Samplers;
The open drive sampler consists of a section of pipe beveled at
the lower end and secured to the bottom of the d r ill pipe at the other.
I t can be further classified according to wall thickness as being
either a (1) thin wall sampler, (2) thick wall sampler or (3) a
composite sampler.
Hvorslev (1949) arb itrarily defined a thin wall sampler “as a
sampling tube with a wall thickness less than 2.5 percent of the
diameter, corresponding approximately to an area ratio* of 10 percent
when the inside clearance of the cutting edge is not taken Into con
sideration."
"shelby tube."

The open drive sample is commonly referred to as a
The terra originates from a trade name for hard-drawn,

seamless steel tubing, aanufactured by the National Tube Company.
*The area ratio is the area of soil displaced by the sampler divided
by the cross-sectional area of the sample.
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This term Is s t il l used today, but i t refers to any type of thin wall
steel or brass tubing.

Ideally, the thin wall sampler should be con

nected to the d r ill pipe by means of a sampler head or adapter which
contains a check valve or vents for escape of a ir or d rillin g flu id .
I t is also desirable that the bottom or cutting edge of the tube be
sharp and drawn in to allow some clearance, (1/2 to 1 percent o f
tube diameter, Clark, 1963).

The thin wall sampler (ASTM D1587-67)

does provide a sample with a minimum of disturbance, which in most
cases is acceptable for practical purposes as being undisturbed.
Usage of the thin wall sampler is limited due to its susceptability
of being damaged when used in dense soil or that

containing hard

objects.
The thick wall sampler has a longer l if e than that of the thin
wall and can be used in a variety of soils.

I t consists of heavier

tubing and is generally provided with a detachable shoe and cutting
edge of hardened steel.

The most common thick wall sampler used

throughout North America and Britain is the standard s p lit barrel
sampler or s p lit spoon sampler as i t is commonly known.
of a thick walled steel tube s p lit lengthwise.

I t consists

The cutting shoe

attaches to the bottom and the top is secured with an adapter head
containing a ball check valve.
bottom of the d r ill rods.

The adapter head connects to the

The standard I.D . and O.D. dimensions are

1.4 and 2 inches, although other sizes are used.

This sampler is

used in the Standard Penetration Test (ASTM D-1586).

In this test, the

s p lit barrel sampler is driven 18 inches in three 6-inch increments by
a 140 lb. hammer fallin g 30 inches.

The resistance to driving is
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measured by the number of hammer blows required to drive the last 12
inches.

The blow count is considered to be a measure of the relative

density when used in sands or the consistency in cohesive soils
(Tergaghi and Peck, 1968, pp 341 and 347).

The structure of the soil

sample obtained w ill be too distorted to be considered undisturbed,
but 1t does provide a visual examination of the in-place so il.

The

sample is representive of the material in so far as moisture content,
composition and stratifica tio n .

I t has been suggested (Sowers and

Sowers, 1970, pp 272, Tergaghi and Peck, 1968, pp 346) that s p lit
spoon samples can often be used for unconfined, compression tests i f
an undisturbed sample is not available*.
Normally, thick wall samples are examined in the fie ld with
smaller segments being placed in jars to be sent to the lab.

I f the

entire sample is to be sent to the lab, a sampler with an inner tube
or lin e r, that is a composite sampler, is used.

After the sampling

and fie ld testing, the liner can then be removed and the sample sent
to the lab intact.
The open drive sampler may not be adequate when trying to obtain
an undisturbed sample of a soft cohesive s o il.

The in stability of

the borehole in such a material combined with the added outside wall
frictio n produced by the downward push of the sampler w ill tend to
cause the soil to enter or flow into the sampler at a rate faster
than that of the sampler's thrust.
to tne sample's structure.

The results can be quite disturbing

Assuming that the above does not occur, the

problem of retrieving the sample within the open drive sampler s t il l
exists.

The frictio n developed between the sample and sampler may not
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be great enough to overcome the sample weight or suction created
when attempting to free the sample from the parent material and pull
i t to the surface.
Piston Samplers:
Piston samplers have been found to be useful in reducing the
effects of disturbing forces described above.
drive sampler with a piston.

A piston sampler is a

In taking a sample, the piston should

be in it ia lly in the advanced position; that is at the sampler's
cutting edge.

This prevents the entry of cuttings and shavings from

the sides of the borehole.

After the sampler has been positioned

at the bottom of the hole, the tube is advanced beyond the piston
into the undisturbed s o il.
in two ways.
the tube.

The piston assists the sampling operation

F irs t, i t prevents the entrance of excess soil into

Second, i t helps to hold the soil in the tube.

I f there is

good contact between the piston and the top of the sample, then the
sample cannot slip out of the tube without creating a vacuum.
rods are used to control the piston's movement.
from the sampler through the d r ill pipe.

Piston

The rods extend up

Piston samplers are further

classified according to the operation or control procedure of the pis
ton.

There are three techniques used with piston samplers.
A stationary piston is one which functions with the piston secured

at a fixed elevation during sampling.

The second type of piston sampler

is one in which the piston is withdrawn to the top of the sampler
just before taking the sample.
sampler.

I t is known as a retracted piston

The third type of piston sampler is one in which the piston

is free to move.

I t moves with the top of the sample.
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The length of undisturbed sample which can be taken by the above
piston samplers is limited to a few feet.

The Swedish fo il sampler is

a special type of stationary piston sampler which minimizes frictio n
between the sample and the sampler by using thin strips of metal fo il
which acts as a liner and prevents i t from touching the tube.

The

equipment is complex, but an undisturbed continuous sample of ex
tremely soft and sensitive soil can be obtained with sample length in
excess of f if t y feet.
The Osterberg sampler (figure 1) is a special adaptation of the
stationary piston sampler.

I t is quite popular for use in recovering

samples of troublesome soils.
require a piston rod.

I t operates hydraulicly, and does not

This sampler uses a second piston called the

actuating piston and a pressure cylinder.

When taking a sample, a

fluid pressure is exerted on the top of the actuating piston forcing
i t and the sampler downward until i t comes in contact with the fixed
piston.

The fixed piston prevents the sampler from moving forward

and thus prevents overdriving of the sample.
Core Samplers:
I f the soil to be sampled is very s t if f or b r ittle , attempts to
sample with one of the above drive samplers may prove to be detrimental
to both sampler and sample.
used.

Under these conditions core d rillin g is

I t differs from driye sampling in that sampling and advancement

of the borehole are done simultaneously.

This is accomplished by

providing a stationary sampling tube inside a rotating cutter barrel.
The ground-up material is removed by either a circulating d rillin g
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flu id or by a ir .
sampler.

Two such samplers are the Pitcher and the Denison

The Tams double tube auger uses the same technique of a

stationary inner barrel with a rotating outer barrel.

The major d if

ference in the Tams sampler is the outer barrel consists of a helical
conveyor which removes the cuttings.
Methods of Forcing the Sampler Into the Soil
Hvorslev (1949) categorized and studied methods which have been
used to force a drive sampler into the so il.

The results of his

findings were that "the speed and continuity of motion with which the
sampler is forced into the soil has a great influence on the length
and degree of disturbance of the sample obtained."

His recommendation

for general use in undisturbed sampling is "fast pushing, or a f a ir ly
uniform and uninterrupted advance at 0.5 to 1.0 f t . per second."
Sampling as a Function of Sampler Soil and Sample Type
In considering the various types of subsurface material and the
methods available for sampling, Solder (1970, pp 7 ), concluded that
" if clays are d iffic u lt, sands are more d iffic u lt; sands and gravels
are almost impossible; and rocks are so deceptively simple."

The type

of soil encountered and the desired sample classification ( i.e . undis
turbed, representative, etc.) w ill dictate the equipment and methods to
be used in sampling.

Hvorslev (1949) presented a generalized summary

of the most advantageous methods of boring and sampling in different
subsurface soils.

In a study on methods used by the Bureau of Re

clamation, Clark (1963) presented his findings on boring techniques and
a comparison of the performance of different samplers in various soil
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types.

The relative merits of auger boring and rotary d rillin g were

examined in considering the most efficient and economical method for
both clays and sands.

Use of d rillin g mud rendered casing unnecessary.

Greater accuracy in logging the hole was achieved by a ir d rillin g ,
but this method is not suited for cohesion!ess material.
The influence and importance of the natural soils fabric should
also be considered when planning a site investigation.

Rowe (1972)

demonstrated that for an adequate site investigation i t is essential
to f ir s t examine, describe and record the fabrics of consecutive soil
samples before deciding on the location, quality and sample size.

He

defined fabric as referring to size, shape and arrangement of solid
particles, the organic inclusions and associated voids ( i.e . the ar
rangement of particle groups for example in layers having different
particle sizes).

In the presentation of his Rankine Lecture, he em

phasized the manner in which the fabric of the natural soil should
dominate a site investigation in the selection of the quality and size
of specimens and how this in turn w ill influence the d rillin g technique.
The methods used in advancing the borehole were found to have a direct
influence on the coefficient of consolidation and the undrained shear
strength of soils with a permeable fabric.

The recommended minimum

specimen size (Rowe, 1972) of natural clay deposits as a function of
fabric is shown in Table 2.
Storage, Handling and Shipment of Samples
The generally preferred method of shipping and storing undisturbed
samples is in the sampling tube or in liners (Hvorslev, page 163, 1949,
Terzaghi and Peck, page 347, 1967).

I t has been considered advantageous
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TABLE 2 SPECIMEN SIZES

(offer Rowe, 1972)

MINIMUM SIZES OF SPECIMENS FROM QUALITY I THIN WALLED PISTON SAMPLES OF
NATURAL CLAY DEPOSITS. FOUNDATIONS FOR BUILDINGS, BRIDGES, DAMS, FILLS. STA
BILITY OF NATURAL SLOPES, CUTS OPEN OR RETAINED.
WEAK
VARIABLE]

(

STRONG

CLAY TYPE

J

STONY

MACRO FABRIC

PARAMETER

MASS k

SPECIMEN
SIZE, mm*

m /s
10-10

NONE
NON-FISSURED
SENSITIVITY < 5

PEDAL, SILT, SAND
LAYERS, INCLUSIONS.
ORGANIC VEINS

10-9 -10-4

SAND LAYERS
0-2m SPACE

10-6-10-5

e„,
c«

37
76
1 0 0 -2 5 0
37
75
250

c'q>'

, ,
c <p
mv
c.

2mm

c„ , c o , mv , c .

SENSITIVITY > 5 CEMENTED WITH ANY ABOVE
FISSUREDt

PLAIN FISSURES

10-10

5 0 -2 5 0 t
250
100
75

Cu

cV
nw
SILT OR SAND FILLED
FISSURES

JOINTED

37
75

cy
m.

1 0 -9-10 -6

OPEN JOINTS

c„

cv

250
100
75

cV

100

9'
t r (pr

PRE-EXISTING SLIP

Cy

ISO
OR REMOULDEO

* 7 5 mm SAMPLES FOR CONTINUOUS QUALITY 2 - 4 SAMPLES FOR FABRIC
STRENGTH AS INDEX TE S T, C„ AND C > FOR INTACT LOW SENSITIVITY.
TSIZE AND ORIENTATION
$ TUBE AREA RATIO

EXAMINATION,

DEPENDENT ON FISSURE GEOMETRY.

4 % , SAMPLE DIA. 260m m.
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to use this method as i t eliminates disturbances which may result from
handling the sample under adverse conditions in the fie ld .

The dis

advantage of this technique is that fie ld identification and des
cription of the soil must be made from an examination of only the
sample ends.

Normally the sampling tube is sealed with parafin or

other sealing compound.
inch thick plug.

Hvorslev (1949) recommends at least a 3/4

Special mechanical type sample tube sealers have

also been proposed,

(B artlett and Holden, 1968).

vantage of quick sealing, unsealing and resealing.

This has the ad
For long storage,

petroleum je lly is placed between the sample and the sealer.
For those samples which are not taken with a tube or which are
not to be stored in a sample tube, Hvorslev (1949) recommended that the
sample be preserved in a wax coating of at least 0.1 in. for small
samples and 0.2 in. for large samples.
In transporting the samples to the testing laboratory, they should
be packed in such a way as to prevent vibrations and shock disturbances.
Shipment preferably should be with the samples in the upright position
in padded crates or on a mattress.

Protection against freezing should

also be provided for when necessary (Hyorslev, 1949).
In storing the samples, i t is desirable that they be kept in a cool
area in the upright position.

A humidity room w ill help in retarding

the loss of water.
In order to minimize the danger of internal migration of water and
structural or chemical changes within the sample as a result of long
storage, i t is preferred that the sample be tested as soon as possible.
The sample should be extruded from the tube with a close fittin g plunger
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in such a way that the sample movement with respect to the tube is in
the same direction as i t entered (Terzaghi and Peck, 1967, page 347).
The sampling tube should be cut into shorter sections (three to six
times the diameter) in order to reduce extruding disturbances (Hvorslev,
1949, Terzaghi and Peck, 1967).
Current Methods and Equipment used for Soil Sampling
Most of the sampling techniques described above have been pre
sented in detail by Hvorslev (1949).

They represent, along with the

more current techniques and equipment mentioned, the approximate state
of the art of sampling techniques and recommendations as presented in
the literature.

The above does not, necessarily, however, reflect

the conventional or accepted sampling methods as practiced by all
soil engineers.
World Wide:
As has been stated previously, the quality or degree of dis
turbance is a function of the soils properties and the sampling tech
niques.

The quality level required w ill vary depending on the job.

In a questionarie addressed to the memberships of the International
Group on Soil Sampling ,'Aitchison, Dover and Lang, 1970) the following
was asked:
" If for the purpose of this question, four types of soil samples
are defined as follows, then in your experience what proportions
of each type would on the average, be required:
(a)

Disturbed Samples.................

(b)

Simple class intact samples (Not seriously disturbed
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chief consideration is to the use of simple apparatus
and avoiding delays to boring in order to keep costs
low.

To include samples from robust open drive samples

driven by impact or sliding hammer).................
(c)

Standard class intact samples (Good quality but with
some attention to keeping equipment f a ir ly simple
and operations reasonably short to avoid excessive
costs.

Use made of well designed thin walled open

and piston samplers, pushed, not hamuered, with
reasonably close supervision).................
(d)

Special class intact samples (Highest possible quality
with l i t t l e regard to costs.

Research projects,

important or critical foundation).................."
Figure 2 represents graphically the results of this question.
Results of the median values are:
special class intact sampling

5$

standard class intact sampling

20$

simple class intact sampling

50$

disturbed sampling

25$
100$

Previously, a survey was taken by this same group to determine the
status of undisturbed sampling (Kallstenius, 1965).

Representatives

from fifteen countries responded.
The results showed that the thin w all, open drive or shelby tube
sampler is used most often in obtaining an undisturbed sample.

The use
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PROPORTION OF EFFORT (%)

FIGURE 2 CUMULATIVE DISTRIBUTION CURVES
FOR PROPORTION OF TOTAL SAMPLING EFFORT
EXPENDED AT VARIOUS LEVELS OF SAMPLING:
SPECIAL CLASS INTACT, STANDARD CLASS IN
TACT, SIMPLE CLASS INTACT, AND DISTURBED
SAMPLING.
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and frequency of other samplers varies from area to area.

Methods of

advancing the borehole also vary with geography.
The most commonly used soil sampling technique in the United
States is with the thick walled solid or s p lit barrel sampler
(Kallstenius, 1965 and Lowe, 1959).
Southeastern States:
A brief questionaire concerning site investigation procedures was
submitted to Chief Engineers of highway departments in Alabama,
Georgia, Mississippi, North Carolina, South Carolina and Texas (Poplin
and Arman, 1973).

The results are as follows:

Drilling Operations
The response indicates a variety of borehole diameters are used
ranging from 2 to 8 in . with earth augers, fis h ta il b its , rotary
d r ills and core d r ills to advance boreholes.

Casings and d r ille r 's

mud are used to stabilize boreholes excepth when hollow-stemmed
augers are used.
Field Testing
Standard penetration tests according to AASHO T-206 are conducted
in Alabama, Georgia and Mississippi whereas a nonstandard 100-lb.
weight is used to drive a s p lit spoon sampler in South Carolina.

Cone

penetrometers are used in Florida, Georgia, Mississippi and Texas,
each with a local variation.

Vane shear testing in the fie ld is

indicated in Florida, Georgia, North Carolina and Texas.

Unconfined

compression tests are run in the fie ld in North Carolina.
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Sampling Procedures
In most cases, disturbed samples are taken with split-spoon
samplers in conjunction with standard penetration tests cited above.
Three-inch diameter thin-walled (shelby) tubes are used for collecting
undisturbed samples in Alabama, Florida, Mississippi and North Carolina
while piston samplers aee utilized in Florida and Georgia.
walled Denison barrel is used in Texas.

A double-

For apparently uniform material,

some states indicated continuous samples are taken for specific

con

ditions while in other instances, intervals of as much as five feet are
allowed between samples.

Undisturbed samples are sealed in sampling

tubes for preservation while in transit to testing laboratory in
Florida, Georgia and Texas.
Laboratory Testing
Routine classification tests are run in every state.

Shear

strength is evaluated from unconfined compression tests and undrained
triaxial tests most comnonly on 2-7/8 inch diameter specimens although
smaller sizes are used in some ca>as.
in Mississippi.

Direct shear tests are used only

One-dimensional consolidation tests are conducted in

Alabama, Florida, Georgia and Mississippi using 2.5 inch diameter
specimens with thicknesses ranging from 0.5 to l'.O inches.

Triaxial

consolidation tests are conducted only in Mississippi.
Practices in Louisiana:
Most highway procedures have been developed from practical ex
perience in coping with the peculiar problems of the region which
account for the broad diversity of practices in current use.

Based on
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DRILL ROD

3?

FAST PUSHING
NO ROTATION
TATION OF ROD

SEl

SAMPLING TUBE
DIAM. 3“ TO 5
1/16" TO 1/8
: CLEARANCE LUGS
1/2" D.- 4 “ LONG
TO TUBING

:M

HOLE FORMED BY
SS PREVIOUS SAMPLING
VACUUM RELIEF
CHANNELS FORMEL
...... .............
BY CLEARANCE LUGS

DRILLING

‘SAMPLING

From Hvorsley, 1949

FIGURE 3 DRIVE SAMPLING AND
ROTARY DRILLING WITH SAMPLER
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the response from other state highway departments, practices 1n
Louisiana compare favorably.

However, a point by point comparison of

the adequacy of methods and practices cannot be made on the basis of
a general questionnaire.
A method conmonly used in Louisiana for taking undisturbed samp
les combined the principles of rotary d rillin g with that of continuous
open drive sampling.

This techniqueis utilized by the Louisiana

Department of Highways and by most commercial firms in the state.

It

involves the use of a 3-inch thin wall sampling tube with small lugs
welded near the cutting edge.outside the barrel, Figure 3.
hole is reamed out by rotating the barrel.

The bore

The cuttings are removed

by pumping a d rillin g flu id down the d r ill stem and up the sides of
the hole.

When the hole has been cleaned out to the desired depth, the

sampler is placed on the bottom of the hole and is pushed into the soil
approximately th irty inches; Figure 3. .

For soft soils or those

which are d iffic u lt to obtain, the 3 inch Osterberg sampler is used.
When the sample in the tube is retrieved at the surface, i t is
extruded.

The Louisiana Department of Highways fie ld extrudes by

means of a hydraulicly operated piston.

Some of the commercial firms

extrude the sample by pushing i t out using hydraulic pressure.

This

second technique requires s k ill and probably disturbs the sample more
so than one extruded by piston.

The sample is extruded into a wooden

V-shaped trough.
The method used by the Louisiana Department of Highways ( i.e . pis
ton extruded) forces the sample to be pushed out of the sampler in the
same direction i t entered.

The sample movement relative to the tube is
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reversed when extrusion by hydraulic pressure is used.
After fie ld extruding, the Louisiana Department of Highways
d rillin g squad leader identifies the material and notes this information
in his log book.

Approximately nine-inch sections are selected and

cut for shipment back to the laboratory.

The sample is wrapped in an

inner plastic sheet and an outer sheet of aluminum f o il .

I t is then

enclosed in a plastic bag and placed in specially constructed styro
foam boxes (Figure 4).

The boxes are taped securely and placed in

a u t ility truck for shipment.

S p lit spoon samples and other small

pieces of disturbed samples are placed in heavy plastic bags which
are marked for identification and then secured by tying the open end in
a knot.
The methods of packaging the samples used by commercial firms
varies from that of the Louisiana Department of Highways.

In general,

the portion of the sample selected is placed in a paper carton and
parafin is poured in the annular space between the sample and the
carton.

Some of the firms wrap the sample with aluminum fo il fir s t .

Sp lit spoon and other disturbed samples are placed in sealed jars.
The only other agency which does any.extensive soil sampling in
Louisiana for c iv il engineering purposes in the U.S. Army Corps of
Engineers.

The overall site investigation techniques employed by

the Corps appears to be much more comprehensive.

Piston samples of

varying size are used along with other sampling equipment.

Shipment

of the samples is quite often done with samples in the tube.
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Figure 4 - Soil Sample Protective Storage Technique
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CHAPTER I I I
SAMPLE DISTURBANCE
In soil sampling, the samples obtained for testing f a ll into two
groups; disturbed and undisturbed.

The disturbed samples include

those obtained from the s p lit spoon and other heavy wall samplers.
The disturbed sample is used for identificatipn purposes and for clas
sification tests.
An undisturbed sample is one which is considered to represent the
in-situ properties.

I t is impossible to obtain a completely undisturb

ed sample.
In general, the quality of borehole samples is somewhat less than
that of hand-cut samples.

However, in most cases, the sample required

is unaccessible by excavation and must be sampled by means of a bore
hole.
Disturbance Prior to Sampling
In the d rillin g of the borehole, the normal stress at the bottom
w ill be reduced once the soil is removed, Figure 5.

For large stress

reductions and with low shearing resistance, the soil layers below the
borehole w ill be deflected upwards.

I t is possible for the distortion

of the soil at the bottom of the borehole to extend beyond a distance
of three times the borehole diameter (Hvorslev, 1949).

Samples from

this zone w ill have a conyex layering and in soft material may show
signs of plastic flow.

Using a d rillin g flu id w ill tend to offset the

reduction of stresses resulting from the removal of the soil.
30
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ABOVE GROUND WATER LEVEL:
WATER IN THE BORE HOLE CHANGES WATER
CONTENT OF SOIL AND MAY CAUSE SLOUGH
ING. KEEP BORE HOLE DRY OR FILLED WITH
DRILLIN G FLUID.
GROUND WATER

LEVEL

BORE HOLE EMPTY:
MAXIMUM DANGER OF FAILURE - MAXIMUM
TOTAL SWELLING - DECREASED RATE OF
SWELLING.
BORE HOLE FILLED WITH WATER:
DECREASED DANGER OF FAILURE * DECREASED
TOTAL SWELLIN G-IN CREASED RATE OF
SWELLING.
POSSIBLE DECREASE IN STRESS CAUSED BY
FRICTION BETWEEN CASING AND SURROUNDING
SOIL.
POSSIBLE LOCAL INCREASE IN STRESSES
AND FAILURE OF SOIL CAUSED BY EDGE
RESISTANCE.
BULB OF DECREASED VERTICAL STRESSES
WITH SWELLING AND POSSIBLE FAILURE
OF SOIL.
DISTORTION OF SOIL LAYERS IN CASE OF
ACTUAL FAILURE AND FLOW OF SOIL INTO
THE CASING. SKETCHED FROM RIED EL
EXPERIM ENTS.

FIGURE 5 STRESS CHANGES
AND DEFORMATIONS OF SOIL LAYERS
BELOW BOTTOM OF BORE HOLE
After Hvorslev, 1949
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In continuous sampling, additional disturbance to the soil a t the
bottom occurs when the previous sample is sheared from the parent soil
by torsion.

There is also an even greater reduction of normal stresses

with the creation of a vacuum when the soil sample is pulled up. Ex
cessive overdriving of the previous sample, or pushing a closed piston
beyond the bottom of the borehole can cause a downward deflection of
the soil layers.
Disturbance During Sampling
The most common method of obtaining an undisturbed sample is by
drive sampling. Figure 6 ,is a presentation of those forces acting
during the sampling operation.
Hvorslev (1949) discussed the disturbance caused by sampling
as follows:
"Disturbance during sampling is primarily due to displacement of
soil by the walls of the sampler, to fric tio n and adhesion between
sample and sampler, and to hydrostatic pressure on top of the sample."
"Displacement of soil by the sampler walls may cause shear failu re
in the soil below the sampler or plastic deformations and entrance of
excess soil in the sampler.

Entrance of excess soil causes distortions

and entrance of excess soil in the sampler.

Entrance of excess soil

causes distortions and increase in thickness of the soil layers.

The

danger of disturbance and entrance of excess soil increases with wall
thickness of the sampler, increasing depth below ground surface, and
decreasing velocity of penetration."

Thus, for a given diameter and

penetration rate, the degree of disturbance can be expressed as an
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Q 3 FORCE ON DRILL ROD
U t3 WATER OR AIR PRESSURE TOP OF SAMPLE H = DEPTH OF PENETRATION
L 3 LENGTH OF SAMPLE
Uk>WATER OR AIR PRESSURE BOTTOM OF
S 3 SHORTENING OR "COMPRESSION" OF
SAMPLE
SAMPLEW "WEIGHT OF SAMPLE
R 3| | 3 TOTAL RECOVERY RATIO
F| >INSIO E WALL FRICTION
Fft« OUTSIDE WALL FRICTION
3 SPECIFIC RECOVERY RATIO
Pr * Uf+W ♦ Fj = SOIL LOAD BOTTOM OF SAMPLE r 3
PD 3 AVERAGE UNIT LOAD ON AREA Ap
Pf > TENSILE STRENGTH OF SAMPLE
DUE TO Op
Qp«POfNT OR EDGE RESISTANCE
P» 3 AVERAGE UNIT LOAD ON AREA A ,
N |«IN TER IO R HORIZONTAL NORMAL FORCE
DUE TO PT
Ng* EXTERIOR HORIZONTAL NORMAL FORCE
A f t t r H v o r s ltr

FIGURE 6

FORCES ACTING DURING

SAMPLING
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where Dw 1s the external diameter, and Dg is the inside diameter.
"Ultimately the Inside fric tio n becomes so large that i t prevents further
entrance of soil in the sampler." The inside frictio n can be p artia lly
overcome by using a sampler with a low coefficient of frictio n and by
making the diameter of the cutting edge somewhat smaller than the rest
of the tube.

A reduction in the cutting edge diameter provides an

inside clearance which is expressed as

where Dg is the inside diameter of the sampler tube and Dg is the
diameter at the cutting edge.

Another means of overcoming the inside

frictio n is to use thin strips of metal fo il which acts as a lin e r for
the sample and prevents direct contact between the sample and.the sam
ple tube.

The Swedish fo il sampler operates on this principle

(Oakobson, 1554).
The frictio n build up between the soil and the outside sampler wall
has been presented by Arthur and Leo Casagrande as causing serious dis
turbance to the soil prior to entering the sampler in soils of rela
tively low sensitivity (B all, 1962).

Sensitivity here refers to the

water-plasticity ratio or liq u id ity index:
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where Wn 1s the natural moisture content, Wp 1s the plastic lim it
and 1^ is the plastic index or the difference between the liquid and
plastic lim it.

“The probable explanation for the manner in which sen

s itiv ity influences sample disturbance is illustrated in Figure 7.
For a clay of low sensitivity, the total frictio n force that builds
up along the outside surface of the sampling tube, while the tube is
being pushed into the clay, can reach values which exceed the com
pressive strength of the clay below the cutting edge."

The conclusion

was that “in general satisfactory samples were obtained only for clay
having a relatively high sensitivity, i.e . for water-plasticity ratios
less than 50 percent, the samples were disturbed excessively.

Satis

factory as well as excessively disturbed samples were obtained for
clay having water-plasticity ratios between 50 percent and 80 percent.
The areas of disturbance to which a soil sample may be subjected
have been reviewed by Hvorslev (1949) as:
(1)

Changes in stress conditions

(2)

Change is water content and void ratio

(3)

Disturbance of soil structure

(4)

Chemical changes

(5)

Mixing and segregation of soil constituents

The extent or effect of the above on the sample w ill depend on
the soil properties and the techniques used for sampling.

Thus the

quality of the undisturbed sample is measured by the absence of the
above disturbance factors which may alte r the engineering properties
of the s o il, Table 1.
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DRILL ROD OR DRIVE PIPE
Note: Piston and
Piston Rod Not Shown

CASING
CHECK VALVES

ZONE OF DISTURBANCE
DUE TO EXCESSIVE
SHEAR STRESSES

After Casagrande

FIGURE 7

ZONE OF DISTURBANCE
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Change in Stress Conditions:
The changes in stress conditions involve not only the d r il
ling and sampling operations but also include a change in stress state
from an anisotropic to isotropic system.

Removal of the sample from

the ground to the surface reduces the total stresses to zero.

The ten-

dancy of the sample to rebound w ill produce negative stress values 1n
the pore water.
The amount and severity of disturbance to the sample w ill de
termine how close the resulting isotropic effective stress approaches
that of the anisotropic in-situ conditions.
Prior to sampling, the stresses acting on a soil element at a
depth Z-], below ground surface are as shown in Figure 8.

The total

vertical stress is ayQ = yZ-j, where y is the unit weight of the over
burden so il.

The total horizontal force is cr^Q and in general is not

equal to ayQ.

I f the soil element is below the water table, the pore

pressure is uQ = ywZ2 where rw 1s the unit weight of water and Zz is
the distance below ground water table.

The effective stresses acting

on the element are

5vc = V
and

• uc

% ) = “ho * “o = V v o

where ayQ is the effective vertical stress, aho is the effective hori
zontal stress.

Kq is the coefficient of earth pressure at rest.

For normally consolidated soils, KQ is approximately 0.6 or can
be estimated by (Jaky, 1948),
K0 = 1 - s1n<j»'

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

I ,

° ° l

\ i \

| uo
"HO

1

^

r

1

i

t**

0 =111*III'

K0^to

TOTALNEUTRAL
EFFECTIVE
STRESS
STRESS
STRESS

IN-SITU CONDITIONS
1°

4 US

f^ P S

HYDROSTATIC STRESS STATE AFTER SAMPLING

FIGURE 8

STATE OF STRESS CHANGE DUE TO SAMPLING

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

in which

is the angle of shearing resistance for effective stresses.

For over consolidated soils, KQ may be larger than one.

Relationships

between the plastic index, I p, the overconsolidation Ratio,
OCR = 5

, and K have been presented by Brooker and Ireland, 1965,

/crvo
Figure 9.
Once the sample has been removed from the ground, the stress state
is altered as shown in Figure 8.

With consequential release of over

burden stresses, there is a tendancy for the soil to rebound or expand.
This results in a hydrostatic state of stress with a negative pore pres
sure equal and opposite to the effective stress and a zero total stress.
I f there were no other disturbances to the sample except that
of stress re lie f and assuming that the pore pressure is capable of
maintaining the negative pressure required, the effective stress,
5ps for the "perfect sample" can be derived as follows:
For a change in the major principal stress, Aa-j and a change in
minor principal stress, Acr3, Skempton, 1954, has shown that the cor
responding change in pore pressure,

au,

can be expressed as

Au = B[Aa3 + A(Aa^

For saturatedsoils,

- Ao^)]

B= 1, and AQ is thepore pressure coefficient.

For a reduction of the deviator stress
AU = Affg + A q CACT-j -

- o3) ,

and

AC g)

For normally consolidated soils, KQ< 1, Ao^ = aay, and Aa3 = Aah.
From Figure 10,
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Substituting into the above, the isotropic effective stress acting
on a "perfect” sample of normally consolidated clay is (Figure 10):

V =Svo ‘Ko* V 1 - Ko>'
For a heavily overconsolidated so il, K > 1, the horizontal stress is
larger than the vertical stress and the isotropic effective stress
acting on the "perfect" sample is (Figure 10):
8ps =

5vo +V Ko - ’ )]

The problem of stress release has of recent been studied extensively
by laboratory testing (Ladd & Lamb, 1963; Skempton & Sowa, 1963, Noorany
and Seed, 1965, and Davis and Poulos, 1967).

This has been accomplished

by creating in the laboratory "field elements" whose stress history has
been that of consolidation under K. conditions.
u

After the final in-situ

conditions have been established, one sample is tested for determination
of the "field" undrained strength.

The axial and lateral stresses on

a second sample are released under undrained conditions.

This simulates

a "perfect" sample, i.e . one which is free from mechanical disturbance
but whose state of stress has been changed from that of anisotripic to
hydrostatic loading.
conditions.

The "sampled" element is then tested under undrained

The result of such tests have shown the undrained
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FIGURE 10 PERFECT SAMPLING OF A NORMALLY CONSCUDATED
CLAY AND AN OVER-CONSOLIDATED CLAY
From Ladd and Lambe, 1963.
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compressive strength of the perfect sample to be somewhat lower than
the corresponding fie ld element.

The compressive strength ranged from

1% - 2% lower for soils of low sensitivity to 5% - 10% and as much as
18% lower for the more sensitive soils.

The effective stress path

of the "field" element and the "perfect" sample is significantly d if
ferent.

At fa ilu re , however, there was only a small difference be

tween the effective stresses of the "perfect" sample and the "field"
element.
In actual sampling Ladd and Lamb (1963) have found that the actual
effective stress, cr (residual effective stress), measured on modera
tely sensitive clays after actual sampling to be much smaller than 5ps,
Figure 11.

Test data on the tube samples show average values of the

ratio of 5p$/5r to range between 2.8 to 5.

Stress release has been

indicated as the reason for the discrepancy between undrained strength
values as determined in the laboratory on undisturbed samples and the
results of in-situ tests such as the fie ld vane (Adams and Raahakrishna,
1970).
Schjetne (1971) discussed pore pressure changes during sampling of
a sensitive clay and a plastic low sensitive clay.

Measurements were

taken using a hypodermic needle piezometer connected to a vibratingwire pore pressure transducer which was b u ilt into the piston of a NGI
fixed piston sampler.

The measured pore pressure versus time relation

ships are shown in Figure 12, for the two clays.

A total stress release

did not occur until the tube was removed from the sampler.

The measured

negative pore pressure at this point was small (approximately 20
percent of overburden stress) and i t la te r dropped to zero.

The release
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of pore pressure was credited to swelling caused by the free water
in the remolded material along the tube walls.

Since this is a time

dependent phenomenon» i t was recommended that for minimum disturbance,
the sample be trimmed and prepared for testing as quickly as possible
after the cutting of the sample in the ground.
Changes in Moisture Content and Void Ratio:
In a non-gaseous saturated s o il, a change in void ratio w ill also
involve a change in moisture content.

In a gaseous or non-saturated

soil a change in void ratio w ill not necessarily have a corresponding
change in moisture content or vice versa.
Changes in volume and moisture can occur prior to sampling, during
the sampling operation and after the sample has been removed.

The

removal of the soil above the sample w ill be accompanied by a tendency
to expand.

In driving the sample, the sheared sides w ill result in a

change of pore pressure at the walls of a saturated soil and may involve
an increase or decrease in volume.
Sample recovery ratio is the length of sample recovered to the
length of the sampler stroke.

A recovery ratio of one would tend to

indicate no major change in volume.

However, there is also the possi

b ility that compaction of the soil may be offset by the entrance of
excess soil or a swelling of the soil

layers which have been deflected

downward and stretched.
Use of a d rillin g mud w ill help in maintaining overhead pressure on
the sample prior to sampling.

There may in some cases be reason for

concern of sample contamination or changes in moisture content.

For
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non-saturated soils or soils above the water table, a d rillin g fluid
should not be used.
Using a bentonite slurry as the d rillin g flu id while sampling
material under a high pore pressure, Fuquay (1968) ran a test as a
check to make sure that soil samples were not being contaminated by
the slurry.
one borehole.

A bright blue dye was mixed with the d rillin g fluid on
An examination showed that there was no dyed slurry

found in any part of the sample except in the normally disturbed por
tion of an inch or so at the top.
Moisture content and volumetric changes can also take place after
sampling and prior to testing.

The method of storing, handling and

transportation and the environment under which i t takes place w ill in
fluence these changes. Volumetric changes during this period can be
checked by measuring and weighing the samples after sampling and just
before test preparations.
Disturbance of Soil Structure:
Soil structure disturbance can take place before, during and after
the actual sampling.

Normally the disturbance before sampling is con

fined to the top portion of the sample.

Using the proper sampler can re

duce the structural distortion during sampling, but when the sample is
separated from the subsoil, the bottom portion may be disturbed.

Struc

tural disturbance may result in different forms such as turn down of
layering a t the sample edge, planes of fa ilu re , distortion or change in
thickness of soil layers, etc.

The more drastic-structural disturbances

can be observed visually by slicing a sample lengthwise and allowing
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half of i t to dry slowly.
Not a ll of the structural disturbances can be visually observed,
however.

The so il's micro-structure may be disturbed and the physical

properties changed even when there is ho visible distortion, planes
of failu re or change in thickness.
Chemical Changes:
Chemical changes in soil samples include oxidation, contamination
of the d rillin g flu id , and reaction between the storage containers
and the so il.

The problem of chemical changes are intensified by the

presence of acids, alkaline in the pore water, and organic material in
combination with exposure to a ir and metal samplers or containers.
Samples should be stored in containers made of inert material or ones
coated with lacquer.
Mixing and Segregation of Soil Constituents:
Improper cleaning of the borehole and the use of open drive samplers
are causes for mixing and segregation of soil constituents.

This nor

mally affects only the top portions of the sample and is easily deter
mined by slicing and observing the distorted structure.
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THE EFFECTS OF SAMPLING; HANDLING, AND-STORAGE-ON ENGINEERING PROPERTIES
Shear Strength:
The sensitivity (U undisturbed/U remolded) of a soil has been
used qualitatively in considering the effect of sample disturbance.
The higher the sensitivity, the greater the possible sample disturbance.
Based on this, the strength properties obtained from samples of sensitive
soils might be expected to be conservative or on the low side of the
in-situ value.

This is generally true for the unconsolidated-undrained

(UU, Q or quick) test.
of a s o il, however.

Disturbance does not always reduce the strength

The unconfined compressive strength of a remolded

s t if f fissured clay is higher than that of the undisturbed sample.
Hvorslev, (1949, pp 193) discusses the following cases in which disturban
ces of the sample may result in unconservative values of strength
parameters.
"In case of the consolidated quick and slow tests, the decrease in
void ratio during the in itia l consolidation and during the test its e lf
w ill be increased by an in itia l disturbance of the soil structure, as
indicated in the discussion of consolidated tests.

This additional

decrease in void ratio w ill cause an increase in strength which w ill
counteract and may even exceed the decrease in strength caused by the
particles.

Therefore, for some soils and certain stress conditions, a

distrubance of the soil structure may cause results of consolidated
quick and slow tests to be on the unsafe side for practical applica
tions."
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Sample disturbance normally 1s the result of shear deformation.
effect of this shear strain is to make the clay more compressible.

The
In

the UU test the more compressible structure results 1n a pore pressure
build up which leads to a lower strength for the undisturbed sample.
In the CU test, the shear strength is increased since the pore pressure
build up during shear w ill be smaller as a result of having previously
been consolidated to a more stable state.

Thus, the shear strains re

sulting from sampling disturbances tend to Increase the compressability
of sensitive soils.

In a dilatant s o il, shear strains tend to cause an

increase in volume,

(Hirschfield, 1960).

In the consolidated-undrained

test or the consolidated-drained test, a reduction in moisture content
and void ratio occurs.
The soils engineer is confronted with the decision of either testing
at the natural moisture content (and void ratio) with an effective
stress lower than In-situ or consolidating to the existing fie ld over
burden stress, but at a moisture content (and void ratio ) smaller than
the inplace conditions.

I t is generally believed that the unconfined

or unconsolidated-undrained strength test underestimates the in-situ
undrained strength while the consolidated-undrained test results are
too high.
Q ualitatively, disturbance variation within the sample has been dis
cussed in terms of the sampling operation.

The variation of disturbance

can also be demonstrated quantitatively using engineering test results
conducted on different portions of the sample.

Figure 13 demonstrates

the variation of the unconfined compression strength along the sample
length and its diameter.
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A reduction in strength due to disturbances for soils of low sen
s itiv ity may involve a moderate decrease only.

However, the effect on

the corresponding deformations may be quite pronounced.

I t turns out

that the most seriously affected property of a soil due to disturbance
is the modulus of elasticity (or modulus of deformation).
Consolidation:
Disturbance of the soil structure w ill generally cause a pressurevoid ratio curve to be displaced downward.

When the sample is reloaded,

the recompression and the straight portion of the curve w ill be rounded,
thus obscuring the stress history, preconsolidation pressure and de
creasing slightly the slope of the virgin compression part of the curve.
Permeability:
The structural disturbance causing a change in density and void
ratio w ill also result in a corresponding change in the permeability.
Estimates concerning settlement rates can deviate drastically from the
performance in the fie ld i f tests are conducted on samples with excessive
disturbance.
Chemical changes induced in the sample by exposure to reactive
materials can significantly change the results of Atterberg tests for
some soils.

The response of the soil to the chemical change w ill depend

on the mineralogy, presence of organic material, pore flu id , etc.
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CHAPTER IV
PREVENTION, EVALUATION AND CORRECTION FOR SAMPLE DISTURBANCE:
STATE-OF-THE-ART
Prevention:

Comparative Performances of Samples and Sampling Techniques

The f ir s t step in producing an undisturbed sample is to use sampl
ing methods which cause the least possible disturbance.

There is some

disagreement among investigators as to what is the best method or
methods.

Most would agree that this does require some consideration

of the inplace soil properties.

Block sampling generally is considered

to yield the least disturbed sample.
ble, however.

I t is rarely economically feasi

Most sampling is done by means of a bore hole.

The per

formance of different samples in a variety of soils have been studied
and compared by several investigators.

I t has been noted by Terzaghi

and Peck (1967, p. 307) that "1f tube samples have been taken on a
given job i t is always desirable to investigate the extent to which the
consistency of the clay has been affected by the sampling operation."
Recommendations for the geometric design of drive samplers for
minimizing disturbance have been presented by Hvorslev, 1949, 1948.
In comparing different types of piston samplers, Jakobson (1954)
reported that there was a great difference in the shear strength of
samples obtained.
in his study.

These were nine variations of piston samplers used

These included differences in geometry such as length,

area ra tio , cutting edge angle, core retainers, and methods of operation
such as metal fo ils , pneumatic operation, etc.

The results of this study

did not indicate an advantage in using an extremely small area ratio or
53
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cutting edge.

However, Jakobson made a point of reconrnending that

large area ratios or edge angles not be used.
The highest values of shear strength were obtained with samples
taken by the pneumatic piston sampler.

The most important difference

between this sampler and the others in the> study was in the velocity
and continuity of the drive during sampling.

Based on a comparison

with the fie ld vane test, a decrease of about 10% in shear strength
occurred with the best samples taken from moderate depths (13 M).

At

greater depths the decrease in the unconfined shear strength was
greater.

This decrease was attributed to stress release and i t was

concluded that even i f the sample is perfect, a loss in shear strength
w ill occur and vary with the depth.
In studies concerning the relationship between the angle of the
cutting edge of piston samplers and the unconfined compression strength
at the Swedish Geotechnical Institute, the angle of the cutting edge
was found to be the most important single influence on sample qualtiy
(Kallstenius, 1957).

Figure 14 presents the results of tests with

varying cutting edge angles.

I t was also proposed that criteria for

the cutting edge angle may replace Hvorslev's area ratio concept.
Kallstenius (1963, 1971) considered several areas of disturbance
in a study involving different types of piston samplers, sampling
techniques and testing.

Variations of clay samples were taken from d if

ferent sites in Sweden with piston samplers.

Geometric differences in

the samplers and different sampling techniques were examined.

Internal

and external frictio n were found to be a major source of disturbance.
For the least disturbance the sampler tube surface should be hard,
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smooth and noncorrosive.

A small inside clearance was also recommended.

The greatest clearance (1.435) used gave somewhat lower strength values
than did the smaller clearances.

The greater inside clearance was

found to be detrimental to swelling soils and those with fissures.
The influence of the punching speed used while sampling was ex
amined.

A punching speed of 15 M/Min resulted in a decrease in

strength of 10% relative to the average observed at 8 M/Min.

Observa

tion of the punching force required was found to be an aid in detect
ing disturbance by fric tio n .
In transporting soil samples, they should be protected from frost
and shocks.
to clays.

Soft vibrations normally were found to be nondetrimental
Deformation was found to be of serious concern to high

quality samples as i t may lead to water migration or other secondary
effects.

The effects of time or storage resulted in general in a

weakening of the samples' strength.
In preparing the sample for testing, Kallstenius recommended that
the trimmed surface area should be as small as possible in relation to
the test specimen.

The overall results of this study showed the

sampler type to have a considerable influence on test results.
Strength tests conducted on 1.5 in diameter specimen from 4-in.
open-drive sampler taken in boreholes fe ll well below the lower lim it of
block strength values in the s t i f f fissured London clay (Ward, Marsland,
and Sammuels, 1965).

The block strength was about 30 percent stronger

than the borehole samples.

The secant modulus of the block samples

was many times greater than the open-drive borehole sample values. How
ever, borehole samples obtained by rotary-coring methods compared
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favorably with the upper lim it of the block sample value of strength
and modulus.

Ward (1957) attributed the sampling disturbance of the

s t if f London clay to the opening up of laminations and fissures.
Holtz (1963) commented on several detrimental characteristics of
the sampling operation and made suggestions as to how sane may be
overcome.

He noted the effects of remolding of the sides of the sample.

Rather than use the diameter of the sample as extruded fran the tube
for testing, he suggested that a large enough sample be taken so that
remolded material on the sample sides could be removed by trimming.
Densification can also be a problem when sampling loose unsaturated
material.

The remedy is the use of short drives with samples having

adequate clearance.

Double barrel core samples or hand-cut samples are

often required for the elimination of the above.
In sampling unsaturated expansive clays or loose, unsaturated
soils, changes in moisture can have drastic effects on the strength
properties.

Deep sampling should either be done with a heavy d rillin g

mud or compressed a ir in a double core-barrel d rillin g operation with
the inner barrel extended into the so il.

Hand-cut samples are desirable

for shallow exploration.
Coates and McRostie (1963) found the results of shear tests on
sensitive Leda clay to be moderately affected by the sample diameter.
The sampling operation was found to be very important* however.

They

concluded that samples from piston samplers in general yield a 25 per
cent higher strength test yalues than open tube samples.

However, the

variation between different piston samplers was as much as 40 percent.
Shear test on block samples were significantly higher (50 to 200 percent)
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than those from borehole samples.

A summary of the sampling investiga

tion was presented by Coates (1963) as follows:
1. Block Specimen — in CU tests
in UU tests
2. Piston Samplers — 3 1/2 in.

50% to 80% > 2 in. piston
200% > 2 in. piston
diara. in U tests 25% > 2 in.
shelby

2 in. diam. in U test

0 to 25% > 2 in.
shelby

3 1/2 in. diam. preconsolidation 15% > 2 in.
shelby
3. Field Vane -

4.

vs UU tests

40% to 70% > 2 in. shelby

vs CU tests

= 2 in. piston

Pocket Penetrometer — vs UU on 2 in. shelby = 2 in. shelby
vs UU on block

40% < block

Consolidation tests on an a r t if ic ia lly sedimented residual limestone
clay were performed under "in-situ" and "sampled" conditions (Leonards
and Altschaeffl, 1964).

Agreement between results of the two tests oc

curred when a good piston sampler was used for sampling and no more than
15 min. elapsed between the time of unloading and the time when the ef
fective stress prior to unloading was reapplied in the oedometer.

Thus,

i t was recommended that for high quality sampling the time duration be
tween stress release resulting fran sampling and reapplication of stress
in the oedometer be minimized.

Eyen the best sampling techniques re

sulted in excessive disturbance in the case of leached (but not highly
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sensitive) clays.
There was a substantial difference between values of Cy for the
"in-situ" and "sampled" specimen of the a r t if ic ia lly sedimented clay.
The Cy values of the “sampled" specimen were approximately 50 percent
lower than those of the "in-situ" tests for an effect stress value less
than the preconsolidation pressure.
Peck (Terzaghi and Peck, 1967) compared the unconfined compressive
strength of 2-in. tube samples with that of hand-cut samples in
Chicago clays of various consistencies.

The tube samples yielded a com

pressive strength of approximately 75 percent that of the hand-cut
sample.

Complete remolding reduced the strength to 30 percent of the

block strength.
Lo et al (1969), 1971) found that for a s t if f fissured clay, the
effect of sample size is the single most important factor in influenc
ing the shear behavior.

The effects of sample distrubance, strain

rate of compression, anisotropy, laboratory specimen size, and con
fining pressure on the modulus of deformation were investigated in the
laboratory using 2 in. inside diameter open-drive shelby tube samples
and one cubic foot block samples.
conducted.

Field plate loading tests were also

In comparing the results of the borehole and block samples,

sample disturbance was by far the most overiding factor in modulus vari
ation.

The value of the block samples modulus was 4 to 7 times that of

the borehole samples, except in the case of shallow depths.

The block

samples from different depths (10, 15 and 20 f t . ) showed the modulus
to increase with depth while results of the borehole samples did not
show this trend.
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Conlon and Isaacs (1970) made a comparative study of the effects of
sampling and testing techniques on shear strength using block samples,
5, 3, and 2 in . tube samples.

The tube sample strength was in general

less than the block samples.

The failure strains in the block samples

were smaller and showed less scatter than those of the tube samples.
A comparative study of the performance of soil samples with special
emphasis on determining the reduction in shear strength of deep penetra
tion marine samples o ff the Louisiana coast when using a wire line
operated drive sampler was conducted by Emrich (1970).

The study in

cluded two sizes (2.25 and 3 -in .) of a wire line operated sampler.
This equipment was developed for use with boat d rillin g .

Attached to

the sampler is a sliding weight of approximately 175 lbs. (300 lb. for
the 3-in . sampler), having a maximum vertical travel of 10 feet.

A

3-in. thin walled open drive sampler operated by pushing along with a
hydraulically activated 3- in. stationary piston sampler was also used
in the study which was conducted on land in soils similar to those
offshore.
Sample distrubance resulting from the wire line sampling technique
significantly affected the shear strength.

Most of this distrubance

was thought to be the results of the percussion method of driving the
sampler.

Tube diameter influenced sample disturbance somewhat as the

3-in. wire line strengths were approximately 5 to 10 percent greater
than those of the 2.25 wire-line samplers.

The highest strengths were

measured on samples from the hydraulically operated piston sampler.
Emrich found the relationship between sampler types to be constant over
substantial ranges of depth and strengths and suggested that an
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appropriate correction factor could be applied to the wire line samples
for similar soils.
Using block samples as reference, Eden (1970) compared the test
results of four types of piston samplers in Leda clay (St >. 20).

The

samplers used were the Swedish fo il sampler, the Norwegian piston
sampler, the standard Swedish piston sampler and the Osterberg hydraulic
sampler.

The in-situ strength of the clay was also measured with the

fie ld vane.

The relative quality of the samples was determined by corn

e rin g the measured preconsolidation pressure and the undrained shear
strength.

The results of the test values from the samplers f e ll far

short of those of the block.

Only 4 of 35 preconsolidation tests

equaled or exceeded the block test values.

Sim ilarly, on 6 of 240 un

drained strength tests results equaled or exceeded those of the block.
In many of the tests the piston tube samples amounted to only half the
value of the block.
test method.

The fie ld vane did not provide a more reliable

The most divergent results came from samples obtained

with the Swedish fo il sampler.
Bozozuk's (1970) studies of a quick (St = 17) marine clay indicated
that size (5-in. and 2-in. core diameter) and storage effected the
quality of the sample.

In general, for specimens trimmed from 5-in.

diameter cores, the measured strain to failu re in strength tests was
smaller and the pore pressure parameter was greater than those of
2-in. diameter cores.

the

The larger core also generated a higher precon

solidated pressure in consolidation tests.

Storage reduced the measured

preconsolidation pressure (4.8 percent), indicating that consolidation
tests should be conducted as soon as possible after sampling.
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Rowe (1972, 1970) discussed the requirement for large (260mm)
diameter samples in order to provide relevant laboratory consolidation
and strength data on clay soils which exhibit a fabric in layers,
varves, s i l t , and organic inclusions or fissures.

Large clay samples

with permeable fabric can show coefficients of consolidation 10^ to 10*
times larger than those on smaller conventional samples.

Permeable

fabric leads to water content changes and softening during d rillin g and
sampling from dry holes below the water table.

This can be reduced by

using a d rillin g flu id .
The undrained strength of fissured clay was shown to decrease with
larger samples and improve representation of soil fabric.

Good quality

samples were achieved by using a 260nro thin-walled flush-tube piston
sampler with an area ratio of 6 percent.

I t was necessary to handle

and extract organic clays under water to prevent oxidation of rootlet
channels which causes variation in permeability.
In comparing the results of laboratory tests on block samples and
samples using the Norwegian Piston sampler, LaRochelle and Lefebvre
(1970) found that Champlain (Leda) clay was severely disturbed by thinwalled tube sampling.

The sampling disturbance can be traced to the

strain resulting from change in volume consecutive to the intrusion of
the sampling tube into the so il.

Triaxial tests have shown that the

lateral strains necessary to destroy the "cementation bonds" on block
samples are smaller than those resulting from use of the thin-wall
sampler.

I t was suggested that in order to get an acceptable undistrubed

sample of cemented clay, that a special type of sampler w ill have to be
developed with an area ratio much smaller than 10 percent.
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Milovic (1970) presented test results on Shelby, piston and block
samples of two sensitive (S^. = 10 and 15) slightly overconsolidated
clays.

The results clearly Indicated a significant influence of the

sampling method on the undrained shear strength, consolidation, and the
elastic properties.

The effect was pronounced even at shallow depths.

The results obtained on the Shelby and piston specimen were systematic
a lly lower than those obtained from the block specimen.
In another sampling study, Milovic (1971) compared block samples
and Shelby tube samples of a loess whose in itia l density was low and
water content high.

The elastic modulus, E, the unconfined strength,

u, the compressibility, K, and preconsolidation pressure Pc> determined
from Shelby specimen were higher than those obtained from blocks
(i.e . unconservative).
Test results on loess (Milovic, 1971):
Property

She!by/Block

Unconfined Compression, u

1.86

Young's Modulus, E.

1.82

Compressibility, K

1.87

Preconsolidation pressure, Pc

1.58

A comparison of consolidated undrained tria x ia l test on a sensitive,
cemented Leda clay sampled by six different sampling methods was re
ported by Raymond, et. al (1971 a, b).

Of the sampling methods used,

the results in order of least disturbance were;
1)

Block Sampling

2)

Osterberg Sampling
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3)

Swedish piston Sampling

4)

Shelby piston Sampling with sharp cutting edge (5° taper)

5)

Shelby piston sampling

6)

Shelby open tube sampling

The samples were removed from the shelby tubes by cutting the tube
with the sample, with a power saw.

However, there was some evidence

that vibrations associated with this procedure caused disturbance to
the sensitive clay in the tube.

However, the length of the sample

tube was such that jacking the sample out without cutting caused more
disturbance.
Using a consolidation pressure less than the preconsolidation
pressure required to cause collapse of the cementation bonds increased
the value of Eu/Cu.

The optimum consolidation pressure depends on the

sample disturbance.

The pore pressure coefficient, A, for samples con

solidated below the preconsolidation pressure showed a consistent
value except a t low consolidation pressures.

Sampling with 50mm (2 -in .)

shelby tubes caused considerable disturbance to the cementation bonds
which resulted in lower strengths at low confining pressures, but
higher unsafe strengths at higher confining pressures which were less
than the preconsolidation pressures.
Morgenstern and Thomas (1970) found block samples to be more dis
turbed than samples taken with a Shelby tube or Pitcher sampler in a
s t if f clay.

Contrary to expectations, the block samples had lower

strengths and higher permeabilities than the borehole samples.
the block samples were taken under adverse conditions.

However,

They were
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obtained at the face of a tunnel between the cross arras of the cutting
mole using a compressed a ir jackhanner equipped with a clay spade b it.
They weighed between 30 to 50 pounds.
In a study of the effects of groundwater levels on stress history
of a clay t i l l deposit, Soderraan and K1ra (1970), found that the predic
tion of the preconsolidation pressure depends on the degree of overcon
solidation and the degree of sample disturbance.
different size tube samples were obtained.

Block samples and

Laboratory test results show

ed the e-log 5 curves to be directly influenced by the method of sampl
ing, sampler dimensions and size of

the

test specimen.The larger

specimen consistently showed less disturbance.
Lang (1971) made measurements of the forces acting on an open-drive,
thin-walled sampler in a s t if f clay.

Using two different methods, he

determined that the ratio of peak forces (inside force/outside force)
was 0.48 and 0.28, respectively.

The average surface shear stress in

contact with the soil was 0.64 times the shear strength of the s o il.
The peak axial stress on the soil core had a mean value of 13.4 times
the shear strength of the so il.

Strength tests on pairs of samples cut

from the sample tube sample indicated a higher strength for the lower
specimen.

The difference in strength between the lower and upper speci

men was attributed to the sampling process.
In an earlier paper concerned with experimental sampling, Lang
(1967) found that in a ll cases (14) the secant modulus to be greater in
specimen cut from the lower part of the tube sample.

In twelve of the

fourteen tests a similar condition existed for the peak strength.
The deformation of a tube soil sample during extrusion was measured
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by Sone (1971).

He found that in an alluvial clayey s i l t that the ex

truding pressure required as much as ten times larger than the uncon
fined compressive strength and that the extruding strain was almost
equivalent to the failure strain in the unconfined compression test.
The extruding force and average soil strain was smaller for sampler
tubes with inside clearance.

The largest strains occurred at the bot

tom where the extruding force was applied.

Unconfined compressive tests

on samples cut from the lower portions was 10 to 20 percent smaller
than of the upper part.
Shackel (1971) used nuclear techniques to study changes in bulk
density that occurred within soil samples during sampling and extruding.
Most of the disturbance in bulk density was the result of jacking the
sampler into the parent so il.

The subsequent extrusion of soil from the

sampler resulted in only minor changes in the profile of bulk density.
For the most part, a summary of the findings of various investi
gators on the influence of sample type and size on disturbance is
graphically represented by Figure 15.

The hand-cut block sample gives

the best representation of inplace conditions.

The next most important

c rite ria for samplers of similar type is size.

The large tube sizes

yield a sample of higher quality than smaller tube diameters.
not in the form of higher strengths, however.

This is

I t has been demonstrated

(Milovic, 1971, Rowe, 1970, 1972) that sampling disturbance can actually
result in an increase of strength for some soils.
Comparison of open drive samplers to piston samplers indicate that
the la tte r provides the least disturbed sample, Figure 15b.

In a number

of studies (Jakobson, 1954, Leonards and Altschaeffl, 1964, Eden, 1970,
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Raymond, et. a l, 1971) the hydraulically operated piston sampler
(Osterberg sampler) appears to outperform mechanically operated piston
samplers.
Eva!uation of Samp!e Pi sturbance
A measure of sampling disturbance, using the results of the
e-log 5 curve has been proposed by several investigators (Schmertraan,
1955, Bartlett and Holden, 1968, Bromham, 1971).

These are based upon

deviation of the laboratory undisturbed e-log 5 curve from that of the
extrapolated fie ld curve, which w ill be discussed subsequently.
Schmertraan defined the degree of disturbance as (Figure 16);

Degree of Disturbance =

Ae

x

A emax
B a rtlett, Holden and Bromham have used disturbance factor, X, Figure 16.

X = 100

(Pc %
P
rc - Pr

in practice, Pr /Pc is small and in the lim it as Pr /Pc -*■ 0, then

PL
X = 100 (1 - - 4
Pc
The second definition has the advantage of not requiring a test on
a remolded sample.
In evaluating the quality of consolidation samples, Burmister (1950)
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■suggested an examination of the shape of the e-log 5 curve.

This may

be judged by a small in itia l compression under the in itia l load which
results in a relatively f la t recorapression curve, and by a relative sharp
break of this curve in the region of the natural stress.
Since the previous stress history and preconsolidation load are
among the factors which govern shear resistance, disturbance to these
would modify to some degree the shear resistance.
In the unconfined compression test, Rutledge (1944) observed that
the effect of sampling disturbance was more severe on the modulus of
elasticity than on the compressive strengths.

He concluded that serious

sample disturbance is indicated i f , (a) the stress-strain curve is non
linear for the f ir s t 30 percent of the compressive strength, or (b) the
stress-strain curve fa lls close to that for the same soil remolded.
Skeropton and Henkel C1957) observed that for a normally consolidated
clay the ratio of shear strength to effective overburden correlated
closely with the plasticity index.

Computation of this ra tio , CU/PQ,

can be used as a check on the r e lia b ility of sampling and testing re
sults.
Arthur and Leo Casagrand CBall, 1962) found the liq u id ity index to
be a good indicator of sampling disturbance.

I t was found that, in gen

e ra l, excessive disturbance w ill occur when the sampler is driven into a
soil whose liq u id ity index is less than 50 percent.
Other investigators (Saiki, 1971; Sangrey, 1971) have experienced
limited success in correlating strength with properties of the remolded
s o il.

Most of these have made use of the plastic index, sensitivity,

and liq u id ity index.
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Mechanical or Structural Disturbance
One of the quickest and easiest methods for determining the ex
tent of excessive structural disturbance is to slice the core and a l
low i t to dry very slowly in a humid room (Terzaghi, 1940; Hvorslev,
1949).

As the moisture in the soil evaporates, a point is reached which

enhances color variations within the s o il.

At that point, the structural

characteristics are most pronounced and some of the more dramatic forms
of sampling disturbances, such as bent layering, can be seen. *
Some of the more subtle forms of mechanical or structural dis
turbance cannot be observed visually.
tory tests can be most detrimental.

Tet, their influence on labora
Snail shear strains can result in a

breaking of particle bonds and reorientation of particles.

The effect

of such changes to the raicrostructures have been studied by means of
thin sections (Mitchell, 1956), and clay particle parallelism using
X-ray diffraction techniques (Quigley and Thompson, 1966; Barden and
Sides, 1971).

Such methods and equipment are for the most part not

available to most soil labs and the results of such studies at the pre
sent time are limited in application to most analyses on the effects of
sampling.
In order to study structural disturbance by the slow drying tech
nique, the sample must be s p lit and dried.
sofar as its use for undisturbed testing.

This destroys the sample in
Another drawback in this

method is that i t presents a picture of the material on only one plane
of the core and this w ill be smeared somewhat. Another technique which
shows great promise in its application to soil Investigations 1s that of
X-ray radiography (Krinitzsky, 1970).
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Using X-ray radiography in a geological and geotechnical

Investi

gation of varved s o il, Kenney and Chan (1972} discussed frequent damage
to 2 in . open-drive undisturbed samples in the form of transverse cracks
between varves.

This was analyzed as having been caused during the

sampling process and was the result of large frictional forces created
between coarse-grained soil and the sampling tube.

Extruding the sam

ple from the tube tended to mask or hide the cracks by smearing and by
partia lly closing than.

I t was believed that the prevention or at

least reduction of this type of disturbance can be accomplished by us
ing sampling tubes with positive clearances a t the cutting edge and
treated inner surfaces.
Residual effectiye stress measurement after sampling has been pro
posed as a quantitative method for determining the quality or the extent
of sampling disturbance.

Ladd and Lambe 0963) used ops/<Jr as a means

of gaging stress release.

Nelson, et. a l, 0971) proposed that a more

useful indicator for the degree of disturbance, Dd, should be defined
as

For a perfect sample Dd = 0 and for a completely disturbed sample
Dd = 1 .0 .
Correction for Sample Disturbance
I t has been recommended by Terzaghi and Peck 096 7), that when un
disturbed tube samples are taken, i t is a good idea to determine the
extent and nature of the disturbance resulting from the sampling methods
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used.

Ideally, such a study would involve a comparison of the methods

used to those which would produce the least disturbance, i.e . block
sampling.

Then, i f a correlation can be established, a correction fac

tor may be applied to the test results of tube samples in similar soils.
This is , of course, not always possible unless the material in question
is near the ground surface and the expense of such a study can be eco
nomically ju s tifie d .

In most foundation analyses, this is not the case.

Corrective methods for sampling disturbance of soils in general
have come about from observation of test results on undisturbed and
remolded samples and u tiliz e some method of extrapolation.
One of the earliest and most popular methods proposed for determin
ing the preconsolidation load was by Casagrande (1936).

In this method,

a horizontal and tangent line are drawn through the point on the e logo
curve representing minimum curvature, Figure 17.
bisecting the angle formed.

A line is then drawn,

The virgin, or straight lin e , portion of

the compression curve is then extended until i t intersects the bisecting
lin e .

The stress at this intersection is an approximation of the pre

consol idation pressure.
Burmister (1951) used a characteristic triangle, Figure 18, formed
by rebounding and reloading the consolidation sample.

The preconsolida

tion pressure is found by projecting the virgin curve back and then mov
ing the characteristic triangle between i t and the in itia l portion of
the e logs curve until the vertical leg marks the precorssolidation
pressure.
In a study of the deviation of consolidation test results due to
sample disturbance, Schmertraan (1955) proposed an alternate quantitative
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method for determining the preconsolidation pressure and location of the
fie ld curve, Figure 19.

Using the procedure of laboratory loading, re

bound and reloading a line parrallel to the rebound curve through the
point whose coordinates correspond with the in it ia l void ratio , eQ,
and the existing overburden pressure, pQ, is assumed and plotted on
the line parallel to the rebound curve.

A fie ld virgin line is then

drawn by connecting this point with the laboratory curve at 0.42eQ.
The void ratio reduction (A e) between the assumed fie ld curve and the
laboratory curve is plotted against log 5.
assuming different values of pc.

This procedure is repeated,

The correct preconsolidation pressure

and fie ld curve w ill be the one which yields the most symmetrical void
ratio reduction plot.
A procedure recommended by Leonards (1962) for estimating ultimate
settlements in overconsolidated deposits is as follows:
1.
2.

Obtain the best possible samples.
Consolidation tests are performed using reduced pressure in
crements until the virgin curve is reached, then rebound to the
existing overburden pressure and reload using conventional
load increments.

3.

Estimate the probable range of preconsolidation pressure,
Figure 20.

4.

I f the curve has a well-defined break, use the Casagrande
method for estimating the preconsolidation pressure; other
wise use the Burmister or Schmertman method.

Determine a

most probable value of p£.
5.

Draw a line from the point (pQ, eQ) parallel to the slope
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After Leonards, 1962
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FIGURE 21 PRECONSOLIDATION
PRESSURE
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FIGURE 22 FIELD CURVE
FOR A SENSITIVE CLAY
After Terzaghi and Peck, 1967
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of the rebound curve and plot pc on this line.

Connect

thts> point with 0.4eQ on the laboratory consolidation
curve.
6.

Use the fteld curye (dashed line) to compute settlement.

Another technique proposed (Sowers and Sowers, 1970, Zeevaert)
for estimating the preconsolidation pressure from the compression
curve is accomplished by extending the in itia l f la t portion of the curve
and the steep or virgin section, Figure 21.

The intersection of these

lines define the preconsolidation pressure, pc;
. A method fo r approximating the fie ld curve of an extra sensitive
soil has Been presented By Terzaghi and Peck C1967).

Unlike parabolic

e-logcr curyes of ordinary clays, the shape of the compression curve
for sensitive clays w ill upon reaching some effective stress value turn
down abruptly, Figure 22.

With additional load, the slope of the com

pression curye w ill decrease until i t eyentually stabilizes and follows
a more or less straight line.

This behavior has been credited to the

growth of bonds between the clay particles along with the possibility
of overconsolidation effects.
The field curve is drawn as shown in Figure 22.

The lower portion

of the compression curve is extended to a point where the void ratio
is equal to 0.4eQ.

By extending the steep portion of the laboratory

curve t i l l i t intersects the horizontal line at eQ, point A is located.
I f the bond strength, p^, is known or can be estimated reliab ly, this
value is added to the effective overburden pressure, pQ, and is plotted
as point B on the horizontal line at eQ.

The field curve is located in

such a way that the ratio of the horizontal distances between the field
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curye and the yertlcal line IC and the laboratory curve and the line
IC is equal to

\]£ _ B C
l.j " AC
I f the bond strength is unknown, i t is recommended that pQ + ipb
be taken as that at point A.
In an investigation of those factors which have an influence on
laboratory consolidation tests, VanZelst (1948) found that the amount
of disturbance (by volume] due to sample trimming is approximately
constant for different sample thickness.

That is , in general test

specimen are distrubed to a constant depth irrespective of their thick
ness.

Planing the top and bottom faces of a consolidation specimen

was found to be the greatest disturbance in the laboratory preparations.
Circumferential trimming was found to be relatively small when compared
to the other.

In general, the effects of other factors such as f r ic 

tion and swelling were much smaller compared to distrubances in sample
preparation.
By computing a disturbance factor, based on sample thickness,
Figure 23, corrections can be made to thin specimen data.
The existing undrained shear strength of a soil is generally de
termined under one of two conditions in the laboratory.

One mehtod is

to test the sample at its natural moisture content (and void ratio) but
with an effective stress lower than exists in-situ.

This would involve

the unconfined (U] or the unconsolidated-undrained or quick (UU) tests.
A second alternative is to consolidate the sample to the field overburden
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stress but a moisture content (and yold ratio ) smaller than the inplace
s o il.

This would be the consolidated undrained test (CU).

Generally,

the f ir s t test conditions yield a strength value which is too low,
while that of the second is on the unsafe side.
r f the strength of a soil is plotted against void ra tio , e, the
resulting diagram is similar to the e-logc curve of the consolidation
test.

In order to correct the strength values obtained from the CU

test, Casagrande and Rutledge (Hvorslev, 1949, page 194) have suggested
that the approximate in-situ strength of the soil may be extrapolated
using techniques similar to those for the determination of the pre
consolidation pressure, Figure 24.
Another extrapolation method for projecting fie ld shear strength
has been proposed by Calhoun (1956).

I t combines the VanZelst (1948)

hypothesis on sample disturbance as a function of the ratio of surface
area to volume with the Casagrande-Rutledge (Hvorslev, 1949) hypothesis
for shear strength, eyaluation.

In this method, the plot of laboratory

compressive strength versus void ratio is corrected to obtain a fie ld
curve.

The correction is based on the amount of disturbance of samples

of various sizes and on remolded specimen.
Schroertman (1956) suggested a modification of Calhoon's (1956)
technique.

Instead of relating disturbance to the results of consolida

tion tests of varying thickness, he suggested that the e-loga fie ld
curve be constructed using his procedure (Schmertman, 1955).

Then

plotting two curves of compressive strength versus the void ratio for
the undisturbed and remolded s o il, he determines their point of inter
section, Figure 25.

A fie ld curve of the compressive strength versus
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FIGURE 25 METHOD OF RECONSTRUCTING
THE FIELD UNDISTURBED STRENGTH
A fte r Schmertman, 1936

void ratio is drawn through this point of intersection and parallel to
the consolidation fie ld curve.
A method for adjusting the undrained strength (UU and CIO) of
tube samples of moderately sensitive, plastic clays which do not posses
significant cementation has been proposed by Ladd and Lambe (1963).
The corrected strength is the result of adjustments which account for
the reduction of the residual pore pressure, ar , due to sampling opera
tions from that which would have resulted from perfect sampling, 5ps.
Observations of UU tests results suggest that the samples behave as
overconsolidated specimens.

Using this concept, Ladd and Lambe sug

gested that the ratio ffps/^r he taken as an overconsolidation ratio
for correcting the UU strength.

This requires that a relationship

between the overconsolidation ratio and the undrained shear strength
be established from the results of CIU tests.

Then, by measuring 5r

and calculating ?r an equivalent overconsolidation ratio is established
and the undrained strength corresponding to perfect sampling is deter
mined, Figure 26.

Typical values of stress values for perfect sampling

were given by Ladd and Lambe and are shown 1n Table 3.
Methods proposed for correction of CIU tests, based on the concept
of perfect sampling, require values of Hvorslev's parameters.
A correction for the undrained shear strength as proposed by Noorany
and Seed (1965), requires the solution of

.
suf =

5,6 s1nh ‘“o+V

' K0>J + ce"S,e

................................
1 +

- 1) sfn#e
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o
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FIGURE 26 EFFECT OF OCR ON UNORAINEO STRENGTH
After Ladd and Lambe, 1963

TYPE OF SOIL

K

NORMALLY CONSOLIDATED
Clayey silt
0.4 to 0.5
Lean day
0.5 to0 .6
Plastic clay
0.6 to 0.7

- 0.1 to 0
0.1 to 0.2
0.2 to 0.3

0.35 to 0.5
0.55 to 0.7
0.65 to 0.8

HEAVILY 0VERC0NS0L2DATED
Plastic clay
~ 2 .5

TABLE 3 STRESS RATsOS FOR PERFECT SAMPLING
After Ladd and Lambe, 1963
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In this equation, the effective overburden oy0 can be easily
evaluated; the coefficient Kb may be determined experimentally, or
calculated (Kb = 1-sin 5, normally consolidated); the shear strength
parameters C@ and $e can be measured in the laboratory using undis
turbed samples of high quality (studies by Noorany and Seed indicated
that Cg and $e are not altered by a small degree of disturbance.)
The estimation of the correct value for the fie ld pore pressure
coefficient Afp , however is d iffic u lt.

I t was found that the difference

for in-situ and perfectly sampled soil was as large as 100%.

A lab

procedure technique was discussed by Noorany and Seed (1965) which
gives an approximate value for Afp .
Davis and Poulos (1967) tested a r t if ic ia lly created Kaolin soil
samples in the laboratory under simulated conditions of fie ld , perfect
sampling, undisturbed sampling, p artia lly disturbed samples, and fu lly
remolded.

The results of experimental investigations on one dimen

sional consolidation properties showed trends similar to those reported
by Rutledge (1944) and Schmertman (1955) and confirmed the valid ity
of correcting on the basis of degree of disturbance from e-logo curves.
The deformation properties (drained and undrained) obtained from tests
on specimen reconsolidated under hydrostatic conditions are lik e ly to
be significantly different from true fie ld properties.

In order to

minimize sampling disturbance effects, i t was recommended that specimens
be reconsolidated under conditions as close as possible to the original
fie ld conditions prior to testing.
Adams and Radhakrishna (1971) proposed that the effects of suction
loss on CU test results can be overcome by consolidating the sample under
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to conditions to the estimated vertical stress or the equivalent iso
tropic stress for perfect sampling,

i t is believed that the volume

changes that w ill occur under the reconsolidation w ill be approximately
equal to the amount of swelling which took place during sampling.
For correcting UU tests, Adams and Badhakrishna presented a method
based on the change in moisture content due to swelling.

This is de

termined from a swelling curve obtained in an oedometer or triaxial
test.

The strength is then corrected from the unique strength versus

moisture relationship for the soil in question.
Sftth increased disturbance, Schmertman Cl955) observed a systematic
decrease in permeability.

Be presented a method of correction for time-

settlement curves using a graphical extrapolation technique.

In this

method, several tiroe-settlement curves are drawn using different un
disturbed samples from the zone in question.

The degree of distrubance

for each is determined from the laboratory e-log5 curve.
curve is extrapolated as shown in Figure 27.

The field

Davis and Poulos (1967)

verified the valid ity of this extrapolation technique on laboratory
simulation of "field" and sample specimen.
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CHAPTER V
GEOLOGY AND SITE SELECTION
Louisiana is situated in the physiographic province known as the
Gulf Coastal plain.

The entire terrain is composed of sedimentary

material of the Cenozoic Era.

The soils of Louisiana were primarily

transported and deposited in water during the early Tertiary and
Quaternary periods under conditions involving marine, deltaic, and con
tinental environments.

The thickness of strata and type of sediment

of an area are the results of sea level fluctuations and structural
movements, both local and regional.

The major structural features which

have influenced the geology of the area include the Gulf Coast geosyncline, the Mississippi Structural Trough, several u p lift zones and
many fau lt zones.
Sampling Sites
The sampling sites selected for this study are shown in Figure 28.
The geological history and origin of the materials at the different
sites is somewhat different.

The selection of the sites was based on

an attempt to find soils which would be conducive to a study on sampl
ing and also would be representative of material encountered by soil
engineers in this area.
The geographical location and the depth to which the samples were
taken is such that most of the material is confined to the Recent and
late Pleistocene deposits.

In general, the deposits sampled were

formed during the Wisconsin glacial stage by the development of deltaic
87
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FIGURE 28
GENERALIZED GEOLOGICAL MAP OF LOUISIANA
SHOWING SOIL SAMPLING SITES
From Louaiona Geological Survey Map
SITE IDENTIFICATION
B Benton
F Fillmore
M Monroe
LC Lake Cltarlos
E Erwinville
BR Baton Rouge
LP Laplace
MC Morgon City
H Houma
L L aro te
m — Sampling Site

plains of the Mississippi and other rivers.in response to eustatic
fluctuations of sea level and other hydrologic factors.
These pleistocene terrace deposits and the soils associated with
them compose large areas of the State of Louisiana.

They are uaually

recognizable, even when they are overlain by more recent material,
because of lower sea level periods, the material was subjected to
thousands of years of consolidation, dessication, oxidation and erosion.
The terraces have been warped downward toward the gulf and uplifted to
the north (Fisk, 1956).

The surface materials of these deposits are

characterized by the following:
(1)

They are very s t if f , shear strength normally exceeds

(2)

The moisture content is low at the terrace surface,

(3)

They are commonly oxidized and are typically reddish-

(4)

They commonly contain calcareous concretions or

1000 p sf.,

brown, tan, or yellow in color,

iron oxide bands.
Three of the sampling sites selected were located in these soils;
the Lake Charles s ite , the Baton Rouge site and the Benton site.
The Lake Charles site , in southwest Louisiana (Sec. 30, T. 9S.,
R. 7W.) was in an area where extensive excavation was in progress.
The excavated soil was being used as a f i l l material for the 1-10
highway embankment.

In the p it, three distinct zones or layers could

be seen and the beginning of a fourth in some areas.
zones were fissured throughout.

The top three

The soil in the bottom or fourth

zone was more uniform and did not appear to be dessicated.

The open
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pit made i t possible to obtain hand-cut samples in the deeper material.
The Benton site , located in northwestern Louisiana is also located
in soil of the Pleistocene Prairie Terrace.

The material consists of

a s t if f fissured brown clay overlain by approximately five feet of a
soft clay.

The Baton Rouge (Sec. 82, T. 7S., R. IE .) samples also

consisted of s t if f brown fissured clay from the Pleistocene Prairie
Terrace.
The other sampling sites were in more recent materials of alluvial
origin.

The engineering significance of alluvial deposits has been

discussed by Kolb and Shockley, 1957.

The clays exhibit a high plas

t ic it y , high natural moisture content, very compressible and a low
strength, especially in the youngest soils.

These soils provide a poor

foundation for road embankments, levees and flood control structures.
In order to distribute the load properly and obtain a stable structure
deep foundations are often required for bridges and multistory buildings.
Six of the sites are situated in these alluvial soils.

They include

the Houma, Morgan City, Larose, Erwinville, LaPlace and Monroe sites.
The Houma, Morgan City and Larose sites are within Recent Deltaic
Plains, figure 29, of southeast Louisiana.

The Erwinville site is

northwest of Baton Rouge (Sec. 23, T. 6S., R. TOE.) , located in a backswamp area.

Many cypress tress and roots are found throughout this

area.
The LaPlace s ite , northwest of New Orleans (T IIS ., R 8E.), is
located in an area where the depositional environment is that of
alluvial floodwaters in combination with the brackish waters of Lake
Pontchartrain.

The Soil consists of layres of soft clays and s ilts
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1 SALE CYPREMONT 4 6 0 0 Y fe J S M
2 COOODRJE 4 60 0-35 0 0 Yrs. B.P ^
3 TECHE 3 5 0 0 -2 8 0 0 Yrs. B.R
4 ST. BERNARD 2800-1000 Yrs. B.R
5 LAFOURCHE 1 0 0 0 -7 5 0 Yrs. BP.
6 PLAQUEMINE 750 - 5 0 0 Yrs. BR
7 BAUZE
-5 0 0 Yrs. BR

FIGURE 29 SUCCESSION OF MISSISSIPPI DELTAS
After Kolb and Van Lopik, 1958.

I

’

<io

with scattered shells and organic material present.
The Monroe site is situated in the alluvial fan of the Quachita
River in northeast Louisiana.

The soils are s t if f fissured s ilty clays.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER VI

SAMPLING AND TESTING PROGRAM
In order to isolate and determine the effects of sampling, several
different sampling techniques and sample sizes were used in this study.
These included what is normally considered to be the best samples
( i.e . block or hand-cut samples), thin-wall piston samples, thin-wall
open drive samples (3" O.D. and 5" O.D.), and thick-wall open drive
samples.

The sampling was conducted through the cooperation and assis

tance of the Louisiana Department of Highways.
Block Samples
Block samples are not among the conventional types normally taken.
They do offer a sample of high quality and one which can be used as a
standard in a study of relative sampling disturbance.
Due to the problems of a normally high water table, the inavaila
b ilit y of excavating equipment and shoring requirements, block samp
les were not taken at all sampling sites.
two of the sampling sites, however.

Block samples were taken at

These included the Lake Charles and

Erwinville sites where the inplace material was being excavated and
equipment was available.
At the Lake Charles site , samples were taken at depths of 15, 27
and 30 feet below ground level.

Material from the site was being exca

vated for a highway embankment f i l l .
terraces had been dug.
20 feet in depth.

A multi-level p it with several

The deepest part of the p it was approximately

The p it was for the most part kept dry by pumping.
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A backhoe was used to excayate the surface material and to form a bench
from which the block sample would be taken.

Using the bucket of the

backhoe, a trench, three feet deep, was dug on two sides of an 18 to
24 inch wide bench of so il.

Then using shovels; knives and at the 15 f t .

level, chain saw, a column of soil was isolated.

After removing ap

proximately 6 inches of the more disturbed soil along the edges, a
12" x 12” x 12" cube was produced.

The top of the sample was marked

and the exposed surfaces were wrapped in aluminum fo il and waxed.
Several layers of aluminum fo il and wax were applied to the sample.
thickness of the waxed wrapping exceeded a quarter of an inch.
ple was identified and marked.

An open ended plywood box was then

placed around the sample, Figure 32.
were 14" x 14" x 14".

The

The sam

The inside dimensions of the box

The annular space between the box was f ille d

and packed with saw dust.

The top cover was then placed on the box.

Then using a sharp shooter shovel, the column of soil was disengaged
from the parent material below the bottom of the box.

The box with the

sample was turned upside down and the bottom was trimmed, wrapped and
waxed.

The bottom of the boxwas then secured.

The sample and the box

number were logged in a fie ld book.
At the 30 f t . depth, one cubic foot and

smallersamples were taken.

The smaller samples ranged from 10 inches to 6 inches on a side.

These

were wrapped and waxed as the larger samples, but were placed in styro
foam ice chests and packed with saw dust.
The second site where block samples were taken was Erwinville.
This site is within the Big Rivers Industries Complex where lightweight
aggregate is produced.

Two block samples were taken at approximately the
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Figure 30 - Block. Sample Packaging and Storage Method
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6 f t . depth.

The techniques used were the same as Lake Charles except

that a dragline unit was used on the in itia l excavation.

Block sampl

ing in the Erwinville soil was very d iffic u lt due to the multiple
slickenslided nature of the material and the many roots present.
Osterberg Samplers
The Osterberg sampler, Figure 1, is a hydraulically operated,
fixed-piston sampler.

I t is used locally as a means for obtaining

samples in soft soils which cannot be secured by the more common shelby
tube.

The sampler size used by most commercial firms and the Louisiana

Department of Highways is three inches in diameter.

The Osterberg

samplerwas used at one sampling site in this study.
Thin-Wall, Open-Drive. Shelby Samples
The most common means of obtaining undisturbed samples in
Louisiana is the 3-inch thin-wall Shelby tube.

In the in itia l stages of

this study, the thin-wall sampler used did not have a sharp cutting
edge, nor was inside clearance provided.

This is one of the common

types of thin-walled tubes used in Louisiana.

Later sampling tubes

used had dimensions which conformed to ASTM D1587-67.

These were

3-inch (76.2mm) diameter core barrels, with 0.065 inch (1.65mm) wall
thickness, and 36 inch (0.96m) in length.

In addition, there are four

1/4" x 1/4" x 4" lugs welded near the cutting edge which is a deviation
from ASTM requirements.

Since much of the soil in Louisiana is somewhat

soft, the hole is advanced and reamed out by rotating and washing through
the sampler tube.

This is the purpose of the lugs.

Some of the com

mercial firms use lugs which extend beyond the cutting edge.

Once the
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Figure 31 - Truck Mounted Drilling Rig (Upper)
and Field Extrusion of Sample (Lower)
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hole is at the desired depth, the sampler is placed on the bottom and
the sample is taken by a straight continuous push.
For the purpose of comparison, a 5-in. O.D. sampler was also used.
This size sample is connonly used by the Corps of Engineers, but is an
uncommon size for the Louisiana Dept, of Highways and for most commercial
firms in this area.

The borehole was advanced by means of a fis h -ta il

b it, followed by sampling with the 5-in. shelby tube.
Standard Penetrati on Test and Samp!es
Sampling was also done in conjunction with the standard penetra
tion test, ASTM 1586-67.

These samples are taken with a thick-wall

sp lit barrel sampler and with percussion driving.

In this study, these

samples were used for moisture contents, classification tests and in
the s t if f soils were used in unconfined compression tests as a somewhat
lower bound value for sample quality.
Handling and Storage Techniques
All tube samples taken for this study were secured by personnel and
equipment of the Louisiana Department of Highways.

Undisturbed samples

were, for the most part, extruded in the fie ld using normal operating
procedures as practiced by L.D.H.

The major difference between these

techniques and some of the commercial firms, involves the method and
direction of extrusion as discussed below.
As part of a study on the effects of extruding, a number of 3-in.
samples were sealed in shelby tubes and sent to the laboratory for
testing.

Some of these were extruded and tested in the lab immediately,
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others were stored 1n a moisture room for later extrusion and testing.
Methods used for packaging the fie ld extruded samples also varied
somewhat.

The three inch extruded samples were identified in the fie ld

and wrapped with a plastic and an aluminum fo il sheet.

The wrapped

sample was then placed in a specially made styrofoam box, Figure 4.
The box is taped shut and marked for identification.

In the in itia l

phases of this study, only aluminum fo il was used for wrapping the
sample.

In later sampling, the samples were f ir s t wrapped in plastic.

The five inch shelby tube samples are not commonly used in
Louisiana.

In it ia lly , the samples were extruded in the fie ld , cut

into 9 or 10 inch lengths and wrapped in aluminum f o il.

They were

then placed in an open-ended metal cylinder, with an inner rubber mem
brane, Figure 33.

The membrane was then inflated with a ir to give a

snug f i t around the sample.

The ends were then capped with 6" x 6"

wooden boards which were held in place with threaded rods.

In the late r

phases of this study, the five-inch samples were wrapped in saran wrap,
aluminum fo il and coated with a thin layer of wax.

The ends of the

sample were then placed in two half-gallon cartons.
After fie ld extrusion and packaging, the samples were placed in a
u t ilit y truck for transport back to the lab.

Normally, the maximum

length of time that any sample w ill be stored in a truck is fiv e days.
During this study, the length of storage time in the truck did not ex
ceed three days.
Those samples which were not tested immediately were placed in a
1002 humidity room.

Most of the laboratory testing on undisturbed samples

was completed within two weeks.

In order to determine the effects of
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Figure 32 - Five Inch O.D. Sample Packaging and Storage Method
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long term storage, a number of the samples were set aside for testing
at a future date.

This was done primarily to study the effects of

storage time on the moisture content, strength of the specimens, as
well as any chemical changes which may occur.
Testing Program
Approximately 1800 samples were taken during this study.
cess of 6500 laboratory tests were conducted.

In ex

In addition to laboratory

tests, over 1700 in-situ tests were conducted.
The engineering properties of the undisturbed samples were deter
mined using conventional test procedures and equipment.

These included

the undrained compressive strength (unconfined and t ria x ia l), consolida
tion tests, classification tests, fie ld and laboratory vane tests and
the standard penetration test.
The unconfined compressive strength (U), ASTM D 2166-66, and the
unconsolidated-undrained (UU), ASTM D 2850-70, tests were used in test
ing the sample's strength.

Evaluation of the undrained shear strength

is generally required for most in-place foundation analysis.

Therefore,

an evaluation of sampling effects on these tests were of major interest.
A strain rate of 0.05 in./min. was used and in most cases failure oc
curred within ten minutes.

In the UU test, a chamber pressure equal to

the effective overburden stress was used.
Sample sizes used included, 2.8 in. and 1.4 in. diameters for un
disturbed samples and 2.5 in. and 1.4 in. diameters for remolded samples.
A height to diameter ratio of two or greater was used.

Remolding was

accomplished by completely destroying the structure of the specimen (by
hand kneading) and then by placing the soil in a 2.5 in. diameter cylinder.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

102

I t was loaded with a static load, forming a cylindrical soil specimen.
This procedure resulted in producing specimen with moisture content and
density similar to that of the original specimen (+555).

Some of the

s tiffe r soil was very d iffic u lt to remold, so in some cases the highly
disturbed s p lit spoon samples were used 1n leiu of complete remolding.
The one-dimensional consolidation te s t, ASTM D 2435-70, was run
on samples from five of the sampling sites.

Results of this test also

provide additional information for analyzing the strength tests.
diameter sizes of oedometers were used, 2.5 and 4.4 in.
fixed and floating ring oedometer were employed.

Two

Both, the

Ring height varied

from 3/4 in. to 1 in.
Classification tests included the liquid and plastic lim its which
were determined according to ASTM D 423-66 and D 424-59.

In preparing

the samples for classification tests, the ASTM D 2217 procedure was
followed.

Particle size analyses was conducted by the ASTM D 422-63

procedure.
Field tests conducted were the standard penetration test and the
fie ld vane test.

The ASTM D 1586 procedures were used in conducting the

standard penetration test.

The field vane test was made with the Nilcon

vane borer according to ASTM D 2573.
hole in s t if f soils.

The test was conducted in a bore

For recent alluvial soils, i t was possible to

push the vane to the desired depth without using a borehole.

The speed

of rotation in testing was approximately 6 degrees per minute.
A series of tests oriented for studying the effects of extruding,
storage and lengthwise sample variation was conducted on a number of
3-inch shelby samples.

The soil samples were taken by Louisiana Dept.
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Figure 33 - Field Vane Test with Nilcon Vane Borer
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of Highway fie ld crews and delivered to the L.S.U. Soils Laboratory
in the sample tube with the ends sealed.

Some of the samples were ex

truded and tested as soon as receiyed, others were stored in the 100%
humidity room for future testing.
Prior to extrusion, the seals were reraoyed and the sample length
in the tube was measured.

The force required to extrude the samples

was originally measured by means of a load c e ll.

I t was later found

possible to obtain steadier, more consistant measurements by reading
gage pressure on a hydraulically operated pump, Figure 34.

The ex

truding force was increased slowly until the maximum load was reached.
Movement of the sample was measured at both ends, using extensionmeter
gages.

The measurements obtained gave the sample movement corresponding

to an extruding force.

After removal from the sampler tube, the ex

truded .length was measured and the sample cut into segments for engineer
ing tests and/or X-ray radiographs.
The effect of leaving the core samples in a u t ilit y truck over a
period of days with temperatures exceeding 100°F was simulated in the
lab.

Sections of undisturbed cores were removed and an in itia l moisture

content, AS7M D 2216, was determined.

The remaining portion of the core

was rewrapped using the methods employed by L.O.H.
placed in a styrofoam box and taped.

The sample was then

The boxes were put in a laboratory

oven set at 110°F for a period of five days.

This was to simulate a

like storage period and conditions in a u t ilit y truck such as might occur
in the summer months.

At the end of the five-day oven storage, the

samples were removed and moisture contents were determined.

Variation

from the in itia l values were compared with test results of the natural
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Figure 34 - Extrusion Test Set-Up
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variation of similar soils.
The results of engineering tests on the Lake Charles samples from
the 30 f t . depth indicated a b r ittle material and cementation was sus
pected.

Thus, Materials Evaluation Laboratory, Inc. of Baton Rouge,

La. was commissioned to conduct a study of the micro-structure of the
soil from this area and depth.

The scanning electron microscope and

an energy dispersive X-ray microprobe (SEM-EDS) were used in performing
a microanalysis of the so il.

The SEM-EDS photographs provide elemental

distribution maps which show where chemical species occur and their
associations.
appendix A.

The methods and techniques used are given in the
An identification of the major clay minerals present in

the Lake Charles soil was also made using X-ray diffraction.
Mechanical disturbance of soil samples was studied using the methods
of slow drying and X-ray radiography.

In the slow drying method, the

sample is sliced and set aside for some period of time.

Eventually,

as the sample dries, a point is reached where the color or tone varia
tion between layering becomes most distinct.

At this point, structural

details of the sample and disturbance can be better observed visually.
A more recent method for studying soil structure, which was used in
this study, is X-ray radiography.

I t is possible to observe discon

tinuities such as fissures or shear planes.

Several different radio-

graphic techniques were used in a study of structural disturbance.

Radio

graphs were made of (1) soil cores in the 3-in . shelby tube prior to
extruding, (2) extruded cores, and C3) core slices.
edges of the unsliced samples are not clear.

Due to roundness,

In order to enhance the

edge layering, some of the extruded cores were packed in a fine clay
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f ille r .
edges.

This compensated for the decrease in sample thickness near the
Details of the equipment used, film , time and instrument set

tings used are given in Appendix B.
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CHAPTER VII

TEST RESULTS AND DISCUSSION
As was noted by Hvorslev (1949, p. 205), i t is very d iffic u lt, i f
not impossible, to arrive at definite conclusions concerning sample
disturbance when dealing with natural soils.

Not only do the geology

of geographic sites vary but the random soil structure of the indivi
dual site results in a wide variation in properties.

This fact, which

for soils is the rule rather than the exception, has been expressed and
documented by many authors.

In this study, the lack of homogeneity of

Louisiana soils was also a fact to be reckoned with.

As an example,

Figure 109 of Appendix C shows the variation of moisture content within
two cores from the Lake Charles sampling s ite .

Visually, the soil from

the depths represented by these cores appeared to be fa ir ly homogenous.
However, the variation in moisture content, in the horizontal and verti
cal direction does seen significant.

So, i t can be seen that in the

evaluation of test data, consideration must be given to several param
eters.

In comparing test data in this study, the depth, distance be

tween boreholes, grain size results, atterberg tests and the natural
moisture content were a ll taken into consideration for comparative
studies.
The overall effect of soil sampling on the engineering properties
of Louisiana soils, no matter how random these properties, was the ob
jective of this study.

Therefore, the sampling sites were chosen be

cause the soil at these locations was typical or representative of
soils in different parts of the state, Figure 30.

These sampling sites
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are beleived to be typical of soils found over wide areas in Louisiana
and the neighboring Gulf Coast states.

LAKE CHARLES SITE
Location
The largest number of samples and duplicate samples was secured
in an area east of Lake Charles, Louisiana.
At the time of sampling, the area was being excavated for use as
a f i l l material in the 1-10 highway construction.
was approximately twenty-two (22) feet.

The excavation depth

The natural grade elevation is

approximately fifteen (15 f t . MSL) above mean sea level in this area.
Geology

All samples were obtained from the Pleistocene Prairie Terrace,
Figure 30.

The soil was oxidized to a depth of twenty-four (24) feet

below ground.

There were five distinguishable zones or strata, Figures

35 and 35.
The soil from the surface to approximately a nine foot depth was
composed of a mottled, yellow and gray s ilty clay with 1/8 inch iron
oxide pellets.

From a depth of nine to fifteen feet, the material con

sisted of a s t if f red fissured clay.

In some areas burrowing animals

had formed a network of channels which had been fille d with a clean
white medium sand.

In other areas, red s i lt pockets were common.

Many

slickensides were observed in samples from this depth.
Between fifteen and twenty-seven to th irty feet, a fissured, s t if f ,
gray streaked, brown, silty-clay was found.

The gray appeared to be
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material which had f ille d fissures formed in the brown during periods
of extreme dessication.

Failure along a gray seam or plane was connton.

A natural slide which had occurred along an excavated p it was blocky in
nature with failu re occurring along gray fissure planes.
Gypsum crystals were abundant at a depth of fifte en feet.
Below twenty-seven or th irty feet5 a fa ir ly uniform, medium, gray
clay was encountered.

I t contained, however, thin s i l t seams, isolated

s i lt pockets and shells within the clay matrix.

Below thirty-nine feet,

the gray clay contained wood and organic fibers.
The type of shells found were those common to a marine bay envi
ronment.

They included; crassostrea, raercenaria, mulinia and the most

common was the rangia cuneata.

Most of these occurred at depths be

tween fifteen and thirty-nine feet.
An X-ray diffraction analysis with oriented slides was conducted
on specimens from the twelve and thirty-three foot depths.

The X-ray

diffractogram of the thirty-three foot depth is shown in Appendix A,
Figure 106. I t is typical of the results from the twelve foot depth, also.
The major clay minerals present are montmorillonite and kaolinite.
A microanalysis of the soil fabric and presence of cenentitious
compounds was also conducted on samples from the th irty foot depth and
is presented in Appendix A.

The results o f this study showed there to

be an abundance of pyrite crystals.

This has resulted in a disruption

of the bedding producing a more homogeneous but irregular fabric.
This possibly explains the b r ittle -lik e nature of the clay at this
depth. Unlike some of the more sensitive Canadian clays, the Lake Charles
material had a liq u id ity index of approximately 0.5 and does not become
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"quick" or liquid with the complete breakdown of the clay particle
structure.

Perhaps this is because a large portion of the space be

tween clay particle voids is occupied by the pyrite crystals.

Thus

the diagenetic crystal growth creates an irregular and somewhat un
stable clay structure, but prevents the moisture in the voids from ex
ceeding the liquid lim it of the clay.
Sampling and Field Tests
Sampling and fie ld tests were conducted at a number (10) of the
sites within the Lake Charles sampling area.

Sampling consisted of

3-in. shelby tubes, 5-in. shelby tubes, and block samples.
tube samples were taken to a depth of forty-two feet.

Continuous

Hand-cut block

samples were taken a t four sites, ranging in depths of 15 f t . , 27+ f t .
and 30+ f t . below ground.
Field testing consisted of the standard penetration test and the
field vane test.

The SPT test was performed at three foot increments

from natural grade to a depth of forty-two feet below ground.

The in-

situ vane shear strength was determined between a depth of twenty-four
and forty-two fe e t.

Representative test values for the Lake Charles

site are shown in Figures 35 and 36.
An examination of Figures 35 and 36 demonstrates the effects of
the soils properties, sample type, sample size, and storage time on the
peak strength of the soils encountered.

Samples from sites 1, 2, and 3

were tested after long storage periods ( i. e ., exceeding 3 months).

For

the most part, samples from sites 7, 8, and 9 were tested within one to
fourteen days afte r sampling.
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TYPICAL SOIL PROPERTIES-LAKE CHARLES
SITES 1,2, AND 3
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The response of the in-situ soil to sampling is a function of the
sampling technique and, also, i t is directly related to the consistency
and structure of the s o il.

Tn the upper stratas (0 to 27 f t . ) the

secondary structure consisting of fissures and slickensides was found
to have the greatest influence on the soil strength.

The effect and

degree of structural disturbance which occurred during sampling varied
according to the sample size and technique.

In general, however, the

strength of the 3-in . shelby tube sample exceeded that of the five inch
diameter.

Block samples secured at the 15 f t . depth failed along f is 

sure planes during attempts to trim down to a smaller size, Figure 37.
This was attributed to stress release and possibly migration of moisture
toward and along the fissure planes.
The relationship between the test results from different sample
types appears to vary.

For example, above the 27 f t . depth, undrained

shear strength of the five inch tube samples at sites 7, 8 and 9 are
somewhat smaller than those found from tests on three inch shelby tube
samples.

Below 27+ depth, the five inch shelby tube specimen strength

is greater than that of the 3-in. shelby specimen.

The techniques used

for the two sample sizes was the same from the ground surface to the
deepest sample obtained.

The response of the in-situ soil to sampling

is a function of the sampling technique and also, i t is directly related
to the consistency and structure of the so il.

The secondary structure

of the soil from the surface to 27 f t . or 30 f t . consisted of many f is 
sures and slickensides, Figure 38.
Sampling with the smaller shelby tube (3 -in .) has a tendancy to in
crease the shear strength over that obtained with the large diameter tube
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Figure 37 - Lake Charles Site, Fissured Block Sample - 15 Ft. Depth
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Figure 38 - X-Ray Radiograph of Slice From 3" O.D. Sample
Showing Fissures - Lake Charles, 9-12 Ft. Depth
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in the upper fissured stratas, Figure 36.

This is attributed to re

molding effects of the fissures in the so il.

In several cases, the

remolded shear strength exceeded that of the undisturbed strength (note
the St values in Tables 4 and 5).
The effects of prolonged storage, however, seem to be greater on
those samples experiencing the greatest degree of structural disturbance
or remolding ( i . e . , 3-in. O.D.).

The samples from sties 1, 2, and 3 were

tested after long storage periods ( i.e . 3+ months).
7, 8, and 9 were tested within 15 days.

Those from sites

There is a greater reduction

with time of the strength for the 3-inch samples as compared with the
5-inch samples, Figure 35 and 36.

Krinitzsky (1970) observed by means

of radiographs that "stratification and the pre-existing fractures and
voids contributed to a disintegration of specimen."
At the 30 f t . depth below ground, the material consisted of a med
ium to soft gray clay.

S ilt seams, s i lt pockets and shells suspended

in the clay matrix were also present.

However, the strength was de

termined by the clay with failu re occurring along a thin shear plane
at an angle of 45° to 50° from the horizontal.

Approximately fourteen

block samples were taken from sites 4 and 5 at this depth.
To verify the valid ity of comparing the test results from sites
4 and 5 to those samples taken from sites 7, 8, and 9, a statistical
analysis was conducted, Appendix C.

In this analysis, the natural

moisture content, wn, the liquid lim it, w-j, and the percent clay, 2c l,
were compared.

The results indicates that blocks obtained from sites 4

and 5 at a depth of 27+ and 30+ respectively, correspond to the 30 f t .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

120

to 36 f t . depth at sites 7, 8, and 9.

Thus indicating a dip in the

soil strata toward the southwest.
Once the valid ity of comparing the samples was established, a
statistical analysis was used in comparing the peak strength test re
sults from different samples.

The results of the analysis is as

follows:
Depth
30'-36'

3"<i>
1980 psf

5"<i>

Block

2892 psf

3593 psf

The 3-inch shelby sample had an average strength of 55% that of the
block or a 45% reduction as a result of sampling techniques and size.
The average 5-inch shelby sample had a strength of 80% that of the block
or a 20% reduction as a result of the sampling operation.

The average

strength test results on block samples were equal to the inplace vane
shear strength.
The sensitivity of this clay, according to the sample type is
Depth

3"<i>

5"d>

Block

301-361

2.9

4.2

5.2

An investigation based on test data from the commonly used 3-inch
diameter shelby tube would indicate a moderately sensitive so il.

Using

larger samples, ( i . e . , 5-in. diameter shelby and block samples), the
clay is seen to be a sensitive so il.
A comparison of the effects of sample tube size for sites 7, 8, and
9 is given in Appendix C and is reviewed here:
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Deoth

3B*

27-30

2652 psf

5 "4
3275 psf

30-33

2105

2995

33-36

1865

2651

36-39

1580

2052

Typical stress-strain curves are presented in Appendix C.

The

shape of the stress-strain curves was influenced to a degree by the
magnitude of the confining stress,

Figures 39 and 40.

In most

triaxial tests performed on tube samples obtained from the th irty foot
depth, the stress-strain curve consisted of a steep in itia l modulus ex
tending from the origin to a point or knee where i t changes to a less
steep curve until a peak load was reached and the load dropped o ff,
Figures 41 and 42.

This shape was most pronounced in the three inch

samples and somewhat less in the five inch samples.

The tria x ia l tests

on the block samples produced a very steep, b r ittle stress-strain curve,
Figures 41 and 42.
Unconfined tests did not result in this unique shape for the stressstrain curve of any sample, Figure 43.

Thus the shape of the triaxial

stress-strain curve is believed to be the results of partial structural
damage to the soil from sampling.

The additional lateral support of the

confining stress helps to prevent, in it ia lly , the movement and rearrange
ment of the soil particles whose contact points have been disturbed while
sampling ar>d are less stable.

A fabric study of the soil indicated a

tendency toward an unstable open structure arrangement of particles,
Appendix A.

This being the result of diagenetic growth of pyrite
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DEVIATOR

STRESS (psi)

14 -

LAKE CHARLES
SITEiO
B-3
C-700A
27'-30'

.02

.04

.06

.08

STRAIN (in/in)

FIGURE 39 CONFINING PRESSURE INFLUENCE
ON UNCONSOLIDATED-UNDRAINED TEST
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DEVIATOR

STRESS

(psi)

20

LAKE CHARLES
SITE 10
B-4
C-708A
30'-33‘
(a3=10psi)
------------(a3 =20,40,60psi)-----------.02

.04

.06

.08

STRAIN (in/in)

FIGURE 4 0 CONFINING PRESSURE INFLUENCE
ON UNCONSOLIDATED-UNDRAINED TEST
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30

25

Site 5
B!k7

20

&

.05

STRAIN (in/in)

FIGURE 41 TYPICAL STRESS STRAIN CURVES
FOR TRIAXIAL UNDRAINED COMPRESSION TEST
LAKE CHARLES-3 0 ' DEPTH
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STRAIN (in/in)

FIGURE 4 2 TYPICAL STRESS-STRAIN CURVES
FOR TRIAXIAL UNDRAINED COMPRESSION TEST
LAKE CHARLES-3 0 'DEPTH
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30

STRESS (psi)

20

Site 7
B-/6
C-255A
I

5"0

Site 7
B~!8
C-265A
3>

.05

STRAIN (in /in)

FIGURE 43 TYPICAL STRESS-STRAIN CURVES
FOR UNCONFINED COMPRESSION TEST
LAKE CHARLES-2 7 -3 0 'DEPTH
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crystals In between the particles.

In sampling, some percentage of

these contacts are disturbed and particles are rearranged.

As the load

is applied, the point of contact between particles which have been
disturbed is not as stable as those between the undisturbed particles.
A confining pressure has the effect of preventing particle movement and
results in a steeper modulus for the in itia l parts o f the curve.

A

confining pressure provides a greater modulus in a ll cases, however,
Appendix C.

Thus the distribution and transfer of load within the tube

sample varies from that of the undisturbed structure in that i t is more
of a gradual breakdown of the structure.

Failure of the block sample

occurred at anal! strains ( i . e . , within 1? to 2%) under loads larger
than that of the tube samples.

Failure was always alang a distinct

plane making an angle of 45° to 50° from the horizontal. Figure 44.
This would indicate a sudden collapse of the structure.
Two specimen, 1.4 inches in diameter, from a block sample were
tested.

One of these was trimmed with a wire saw.

The other was cut

to size by pushing a tube with a sharp cutting edge through a segment
of the block sample.

The results of the tests on these samples and

that of a remolded sample are presented in Figure 45.

The peak strength

of the specimen trimmed with the tube was reduced by more than 30$ that
of the sample trimmed with a wire saw and the stress-strain relationship
was similar to those tube samples obtained in the fie ld ( i.e . a reduc
tion of the modulus of deformation.
Typical oedometer compression curves for some of the individual
samples tested are presented in Appendix C.

Figure 46 is a comparison

of the performance of different sample types in the consolidation test.
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Figure 44 - Specimen From Block Sample Showing Failure Plane
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30
28

Trimmed with wire

26

24

22
20
'55

CO = 4 3 %

Q.

CO
CO
UJ

cc

fc
cc
<

>

UJ

Trimmed by pushing tube

o

.02

.03

.04

.05

.06

STRAIN (In/in.)

FIGURE 45 TRIAXIAL COMPRESSION TEST ON BLOCK SAM
PLES, LAKE CHARLES, SITE 4, BLK NO. 5, 27 FT DEPTH.
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e (VOID RATIO)

Q Blk (Site 5 ) - Mean (14)
•

5" Core ( Sites 7 and 8 ) - Mean (7 )

•

3" Core ( Sites 7,8 , and 9 ) - Mean (7 )

9

Remolded - Mean (2 )

O 5" Core (Sites 1,2, and 3 ) - Mean (I I)
o

3" Core (Sites 1,2, and 3) - Mean (4 )

L06y (TSF)

FIGURE 46 A/ERAGE e-LOG5 CURVES FOR VMUJS SAMPLE TYPES
LAKE CHARLES -3 0 FOOT DEPTH
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1.0 tsf

Ae/l+e<>

0.1

0.2

0.3

32

1/2

64

FIGURE 47 DETERMINATION OF THE APPARENT
PRECONSOLIDATION PRESSURE-LAKE CHARLES
SITE 5 , BLOCK 7
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The detrimental effects of long term storage on the block samples
was either very small or non-ex1stent.

Structural disturbance of the

soil was minimized with block sampling and therefore, storage and time
did not result in any deterioration.

I t would appear that the secondary

disturbance effects resulting from storage and time are directly related
to the in itia l sampling which disturbs the bonding and structure of the
soil particles.

With the soil structure damaged and with the elimina

tion of the overburden, i .e . stress release, the sample undergoes a
slow relaxation, the negative pore pressure is reduced and the residual
stress which resulted after sampling is also reduced with time.

The

sample becomes soft and more compressible.
Field Curve
Deviation of the lab e log? curve from that of the fie ld curve is
the result of disturbances which occur during sampling, handling and
storage, and sample preparation for testing.

The difference between

the curves for the different sample types and sizes reflects the dis
turbance occurring during sampling.

For a ll practical purposes, the

handling storage and sample preparation for testing was the same for
a ll samples.

The different sample protection techniques have been

previously discussed.
The uniqueness of the compression curve was such that none of the
more traditional techniques for estimating a fie ld curve seemed appli
cable.

A combination of methods suggested by Terzaghi and Peck,

Casagrande, and Leonards was applied to the results of a test on a
block sample, Figure 48.

Although i t is believed that sampling

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

133

1.3
I tsf
e0= 1.233

0.9

O 0.8

0.7

0.6

0.5

0.4

LOG y (tsf)

FIGURE 4 8 FIELD CURVE FDR LAKE CHARLES
SITE 5, BLOCK 10, 30 FOOT DEPTH
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disturbance is minimized for block samples, the effects and disturbances
resulting from stress release, handling and sample preparation can not be
avoided.
Figures 49 and 50 are plots of the average coefficient of consolida
tion (cy) for the square root of time (Taylor) and the log of time
(Casagrande) method.

As in the compression curve, loads in excess of

4 ts f resulted in a drastic reduction of cy.
collapse of the soil structure.

This corresponds to the

These results indicate the effects of

sampling techniques and the extent of disturbance relative to the block
samples are measurable and quite significant.

For this clay, the size

and sampling technique are most important.
To demonstrate the effect of sample size on the settlement analysis,
a 100 inch thick layer of the type of clay occurring at the 30 f t . depth
was used.

Figure 51 presents the magnitude and variation in settlement

predictions for the different samples.
test results.

These are computed using average

The error in settlement prediction made from test results

of samples obtained by the 3-inch and 5-inch thin-wall tubes relative to
the block samples are shown in Figure 52.
The existing overburden stress for this clay is
crease in 1 ts f, ( i.e . 5

1 ts f.

= 2 talf), the percent error

For anin
for predicting

the magnitude of the settlement based on 3-inch and 5-inch sample test
data is +83% and +59% respectively.

As the original soil structure is

altered by increase loading, the magnitude of the error or difference
decreases.
Eva!uation o f Disturbance - Lake Charles

A disturbance ratio
the average test results

was calculated for each incremental
for the 5 and 3 inch shelby

loadingof
tubes.
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□
O

Cv x I0 " 3 (in 2/m in )

a

METHOD

Block samples, Site 5
5" 0 Shelbyj samples, Site 7
<3h
tiA ik i samples, Site 7
3" rk
0 eShelby
Remolded samples

LOG a (tsf)

FIGURE 4 9 COMMRISON OF THE AVERAGE COEFFICIENT
OF CONSOLIDATION FOR DIFFERENT SAMPLES
LAKE CHARLES-30 FOOT DEPTH

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

3.5

LOG t METHOD
3 .0 -

□

Block samples, Site 5

0

O

5"

o

3" 0 Shelby samples, Site 7
Remolded samples

Shelby samples, ISite 7

Cv x I0"3 (in2/min)

2.5

1.5-

1.0 -

.5

LOG a (tsf)

FIGURE 50 COMPARISON OF THE AVERAGE COEFFICIENT
OF CONSOLIDATION FOR DIFFERENT SAMPLES
LAKE CHARLES-30 FOOT DEPTH
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(Inches)
SETTLEMENT

□

Block

O

5"

•

3"

0 Shelby
0 Shelby

v

Remolded

STRESS (tsf)

FIGURE 51 SETTLEMENT PREDICTIONS
OF A 100 INCH CONSOLIDATING LAYER
LAKE CHARLES SITES 7,8, AND 9 - 3 0 FOOT DEPTH
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150 r

O
•
v

100

5M0 Shelby sample
3 " 0 Shelby sample
Remolded

50

-10

STRESS (tsf)

FIGURE 52 SETTLEMENT PREDICTION ERROR OF SHELBY
TUBE SAMPLES RELATIVE TO BLOCK SAMPLES* LAKE
CHARLES, SITES 7 , 8 , AND 9 , 30 FT. DEPTH.

disturbance ratio was defined as the difference in void ratio between
the tube sample and that of the block sample divided by the difference
between the void ratio of the block sample and the remolded sample,
Figure 46.

This assumes that the disturbance of the soil structure of

the block sample is minimum (OX disturbed) and that of the remolded
sample is maximum (100X disturbed). A plot of the disturbance ratio for
each load increment is shown In Figure 53, a and b.

Distance from the

zero line is a measure of deviation from the block samples' performance.
The residual stress for the 3-inch diameter thin-wall shelby tubes
was determined indirectly by means of the oedometer test. Computations for
the degree of disturbance as defined by Ladd and Lambe, 1963, are as
follows:
L

= 12.5 psi

OCR = pc _ 53.9 _
4.3
3 „ " 12.5 '

Ip - 60
K = 1 . 2 (Brooker & Ireland, 1965)
o
Au = 1/4 to 1/2 (Skempton & Bjerrum, 1957)
For perfect sampling,
*ps

-

5vc rKo + *u ( 1‘ Ko)]J

= 12.5 [1.2 + 0.3 (1-1.2)]
= 14.3 psi
The residual stress (oedometer readings), 3"$ shelby tubes
ar

= 3.2 psi

The degree of sample disturbance
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- ■
5" 0 Shelby samples
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-■
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k
A
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n
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LOG a (tsf)

FIGURE 53 DISTURBANCE RATIO VS. LOAD
LAKE CHARLES-3 0 FOOT DEPTH
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Dd »• V * - gr
5ps
= 14.3-3.2
14.3
= 80%
The use of radiography as a method for determining the nature and
extent of distortion on clays has been demonstrated by Krinitsky (1970).
Its application in the study of sample quality and sampling disturbances
proved to be an invaluable aid.

Not only from the stand-point of sample

distortion which resulted from the sampling operation, but also as a
means of validating the uniformity of geologic features in samples.
The most common sample distortion resulting from sampling was a
turning down of the layering at the edges.

A comparison of the block

samples to that of the tube samples is shown in Figures 54, 55, and 56.
The degree of disturbance or sample quality is most noticeable when com
paring the radiographs of the block samples with those of the 5 and 3inch, thin-wall tube samples.
A second type and more serious distortion was the occurrence of
failure planes.

Radiographs revealed many that could not be detected vis

ually, Figure 57.
Figure 58 shows a radiograph of a 5-inch core which is quite
seriously disturbed.

This sample was later sliced, photographed and

X-rayed, Figure 59.
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Figure 54 - X-Ray Radiograph of Block Sample, Lake Charles Site
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Figure 55 - X-Ray Radiograph of Slice From 5" O.D. Sample
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Figure 56 - X-Ray Radiograph, of Slice From 3" O.D. Sample
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Figure 57 - X-Ray Radiograph of 5" O.D. Sample
With Shear Plane
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Figure 58 - X-Ray Radiograph of 5" O.D. Core
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Figure 59 - Photograph of 5" O.D. Core Slice
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Radiography was found to be a valuable tool for the selection of
samples tested.

Figure 60 shows the failu re plane in a sample tested

in the unconsolidated undrained tria x ia l test.
failure plane.

Note the shell in the

The peak strength for this particular sample was 402

greater than for other samples tested from this location.
The effects and presence of geologic features such as shells,
concretions, and naturally occurring fissures are also enhanced and
can be studied in radiographs, Figures 61, 62, and 38.
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Figure 60 - X-Ray Radiograph of Slice of Sample
Tested to Failure
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Figure 61 - X-Ray Radiograph of 5" O.D. Core
Showing Shells
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figure 62' - X-Ray Radiograph of Sample Slice
With Concretions
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LAPLACE SITE
Locati on and Geology
The LaPlace sampling site is located on the southeastern corner of
the Bonnet Carre Spillway; approximately one hundred yards west of Lake
Ponchartrain, Figure 30.

The soil consists entirely of recent m aterial.

The depositional environment was that of alluvial floodwaters in combin
ation with brackish marine conditions.

Thus the material was varved

with alternating layers of organic clay and s i l t and traces of shells.
Due to the proximity of the leyee system of the spillway the top f i f 
teen feet consisted of material a r tific ia lly placed.
material was very soft and d iffic u lt to handle.

The natural

Several samples were

lost while liftin g them in the borehole. The natural moisture content
of the soil was approximately that of the liquid lim it, Figure 63.
Sampling and Field Testing
The samplers used consisted of the 3-inch shelby tube, the 5-inch
shelby tube and the 3-inch Osterberg sampler.

There were two variations

of the 3-inch shelby tube used with respect to the cutting edge.
had a beveled and sharpened cutting edge.
the cutting edge.

One

The other was squared o ff at

The cutting edge of the 5-inch shelby tube was

beveled and sharpened.

As previously mentioned, several samples were

lost in the sample recovery phase due to the softness of the so il.

This

was especially true for the 5-inch shelby samples.
The standard penetration test and the fie ld vane test were conducted.
The results of the laboratory tests and the fie ld tests are reviewed in
Figure 63.

Typical values of the soil properties are presented in
152
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PROFILE

MOISTURE CONTENT (%)

F€N C Tw SoN TESr
6

100

—I

UNCONFINED SHEAR STRENGTH(PSF)
100

200

300

ELEVATION

FROM

MSL

(F t)

-10

-30

HO

# Blows/12*

FIGURE 6 3

Ibv sampler
3» 9 samplers

SUMMARY PROFILE - LAPLACE SITE

DEPTH
BELOW
STRATUM
GROUND

Ff
0
3
6

A

CONSISTENCY

Ip
CD *>L

“P

II

%Cdoid

Man-made
levee, wood,
orgamcSfOnd
dayey-sSts
(ML-OL)

y

s„*

S t* *

Lb/ft3 Lb/ft2

Lb/ft2

92

9
12
15
18
21
24

Soft gray
77
organic
silty-clay
mitt) shell
88
fragments
ondttm
sandy stratus 73

(CM)

48

38

10

78

27

51

0.98

0 .7 7

98

2 84

2.8

82

29

53

1.11

0 .7 8

95

142

2 .8

69

23

46

1.09

0 .7 8

101

246

4.9

62

69

23

4 6 0.85

1.05

99

263

5.3

67

61

25

36

1.16

1.24

9L

207

3.8

64

65

24

41

0.97

0.84

101

189

3.4

27
30
33
58

59

23

3 6 0.97

0 .8 4

104

192

1.9

6i

59

23

36

1.06

0 .7 5

99

294

2.2

59

59

21

38

1.00

1.00

103

310

3.1

36
39
42
* Average Sy from Osterberg sampler
«*^smoided S0 from lab vane

TABLE 6

SOL PROPERTIES- LAPLACE SITE(TYPICAL VALUES)
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Table 6.
Test Results
Unconfined compressive tests were run on the samples.

Plots of

the stress-strain relationship for the different samples are presented
in Appendix D.

The Osterberg samples out performed both the 5-inch

and the 3-inch shelby samples.

The unconfined shear strength versus

depth for the individual sample and the fie ld vane results are shown in
Pigurel58 andl59 of Appendix D.

The results of the osterberg samples

compared favorably with the fie ld vane tests.
The unconfined shear strength of the different sample types were
plotted against one another in comparing the sampler influence,
Figure 64.

The diagonal line represents equal shear strengths.

As

can be seen, the osterberg samples provided strengths greater than all
other samples.
best.

The 3-inch shelby tube with the square cut was the next

This was followed by the 3-inch beveled shelby and the 5-inch

beveled shelby tube which had the lowest strengths.
I t is believed that since the material was so soft and had a ten
dency to flow under pressure, that the reason the squared o ff shelby
tube out-performed the beveled tubes was due to the sample being more
restricted in the f ir s t .

With no clearance space, as provided for by

the beveled tube, there was less room for the material to flow.

Also,

without the clearance space, the sample was held tighter when i t was
recovered up the hole.

Due to the size and weight of the sample and

with the clearance provided, many of the 5-inch samples were lost when
they were being pulled from the hole.

This was also true of some of the

3-inch beveled shelby samples.
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S y, 3" <!> BEVELED (PSF)

S y , 5" <p SHELBY (PSF)

Sy , 5“ (J) BEVELED (PSF)

FIGURE 6 4 SAMPLER INFLUENCE ON UNCONFINED SHEAR STRENGTH - LAPLACE

SITE

Although the osterberg sampler was beveled, the sampling drive of
this hydraulically operated sampler was much faster than the punching
drive of the shelby tubes,

rt also has the advantage of the fixed piston.

This helps to prevent the entrance of excess soil and eliminates distor
tion during recovery.
Sample r e lia b ility which was defined by Skerapton and Henkel (1957)
as a function of the plastic index has been plotted for the different
sample types in Figures 65, 66, and 67.

The performance of the oster

berg sampler gave good agreement with this relationship.

The others

did not perform as w ell.
The results of a consolidation test on a 3-inch sample is shown in'
Figure 157of Appendix D.

The soil is normally consolidated or slightly

under-consolidated.
Unconfined compression tests show that a piston type sample is re
quired in a soil such as found at the LaPlace site .

A piston sample

should be used, even i f an open-drive sample w ill provide a sample.

The

tendency of most sampling personnel is to use the easiest and most pro
ductive instrument; that being the open-drive shelby for local sampling
crews.

However, quality must be considered and this points out the need

fora qualified individual (knowledgeable equipment wise and in the area
of soil mechanics) to plan on the spot sampling techniques to be used
Radiographs
The distortion of the soil layers was quite visible with the aid of
radiographs.

This largely consisted of turned down edges and shear

planes, although mixing and flowing of the sample was also observed.
Figure 68 is a radiograph of a 5-inch shelby sample with several
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FIGURE 65 LAPLACE SITE
SAMPLE RELIABILITY FOR OSTERBERG PISTON SAMPLER
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FIGURE 66 LAPLACE SITE
SAMPLE RELIABILITY FOR 3 “ $ SHELBY SAMPLER
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SAMPLE RELIABILITY FOR 5” 4) SHELBY SAMPLER
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shear planes and some edge turndown.
Figures 69, 70 and 71 show layering that is bent in 3-inch samples.
Shear planes can be seen in Figure 69.
A severe case of sample distortion with soil flow and mixing is
shown with a radiograph in Figure 72, and a photograph in Figure 73.
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Figure 68 - X-Ray Radiograph of 5-inch Shelby
Sample with Shear Planes
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Figure 69 - X-Ray Radiograph - 3" O.D., LaPlace Site
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Figure 70 - X-Ray Radiograph - 3" O.D., LaPlace Site
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Figure 71 - X-Ray Radiograph - 3" O.D., Laplace Site
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Figure 72 - X-Ray Radiograph - 3" O.D., LaPlace Site
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Figure 73 - Photograph - 3" O.D., LaPlace Site
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ERWXNVILLE SITE
Location and Geology
The Erwinville sampling site was located o ff highway U.S. 190, ap
proximately fifteen miles west of Baton Rouge, Figure 30.

The depo-

sitional environment of this material was that of a recent backswamp.
Many roots, large and small, of old cypress trees were encountered.

As

seen in Figure 74, the top th irty feet of the soil consisted of a mottled
gray clay with multiple slickensides.

The material below th irty feet

was a soft s ilty clay.
The clay in the top th irty feet contained many hairline fissures.
I t was possible to separate parts of a sample down to very small pieces,
and each time the exposed soil consisted of a smooth though irregular,
shiny surface, Figure 75.

One explanation for this type of phenomena is

syneresis, (Terzaghi and Peck, 1967, page 17).

This involves a removal

of water from the soil during dry periods with the aid of plant roots.
Sampling and Field Tests
Open drive continuous shelby tube samples, both 3-inch and 5-inch
diameter, were taken to a depth of forty-two feet.

A block sample was

also secured from an approximate depth of fourteen feet below the ground.
I t was very d iffic u lt to cut block samples due to the many roots and
slickensides present throughout the s o il.

The acquisition of two block

samples were attempted, but only one was obtained.

When the la tte r

sample was uncrated in the lab and trimming was attempted, i t fe ll
apart along shiny surfaces.
The standard penetration test was conducted continuously at three
168
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Figure 75 - Fissure Planes, Erwinville Sample
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feet increments to a depth of forty-two feet.

The fie ld vane test was

also run to the same depth.
Test Results
Test results for the soil profile is presented in Figure 74 and
Table 7.
ing.

As w ill be noted, the soil properties were improved by remold

A plot of the remolded shear strength versus the shear strength

of the 5-inch and 3-inch samples is shown in Figure 76.

A plot of the

shear strength of 5-inch diameter specimens versus the shear strength
of the 3-inch diameter specimen shown in this figure, though neither
shows an advantage here.
The shear strength of this soil was definitely governed by the
secondary structure ( i . e . , the multiple slickensides).

I t seems plausi

ble then that any sampling method used which tends to remold the soil
structure should definitely improve its strength in laboratory tests.
Actually remolding provided strengths comparable to those obtained in
the fie ld vane test, Figure 74.
A consolidation test, Appendix E, Figure 170^ shows the soil to be
overconsolidated.
Radiographs
The results of X-ray radiographs indicated that the soil structure
is homogenous.

That is , the distribution of fissures did not seem to

be oriented in any particular manner.
obvious.

Structural disturbances were not

Radiographs.of 3-inch diameter core is

presented in Figure 77,
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HOUMA SITE
Location and Geology
This site is siturated in a recent deltaic plain near Houma,
Louisiana, Figures 30 and 31.
s ilty clays.

The soil consisted of organic clays and

The soil had a tendency to separate into lumps and peds.

When the soil was squeezed, the response was somewhat "spongy" in nature.
Sampling and Field Tests
Continuous sampling to a depth of forty-two feet was done with 3inch and 5-inch shelby tube samplers.

The standard penetration test

was performed at three foot increments to the same depth.

The fie ld

vane test was also conducted.
Test Results
The results of the laboratory tests and the fie ld tests are pre
sented in Figure 78 and Table 8.

According to strength tests, the soil

ranged from an insensitive to a moderately sensitive soil.
Figure 79 is a plot of the unconfined shear strength of the 3-inch
shelby tube samples versus the unconfined shear strength of the 5-inch
shelby tube samples.

Each point represents average test results.

There

appears to be an increase in strength for the 3-inch samples.
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TYPICAL SOL PROPERTES - HOUMA SITE
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MORGAN CITY SITE
Location arid Geology
Located within the recent deltaic plain of the Atchafalaya Basin,
this site was approximately seven miles east of Morgan City, Louisiana,
Figure 30.
s ilty clays.
55%.

The material consisted of backswamp deposits of clays and
The percentage of clay size particles ranged from 20 to

S ilt size particles ranged from 44 to 80%.

The structure or fab

ric of the soil had a grainy texture.
Sampling and Field Tests
Five-inch and three-inch thin-wall shelby tube samples were secured
in adjacent boreholes.

The standard penetration test was conducted at

three feet increments from the surface to a depth of forty-two feet.
The fie ld vane test was also conducted at three feet increments to a
depth of forty-two feet.
Test Results
Laboratory testing consisted of the unconfined compression test,
consolidation tests and classification tests.

The soil profile and

average test results are presented in Figure 80 and Table 9.
The sensitivity of the soil ranged from 2.75 to less than one for
test results on three inch samples.

This was an insensitive so il, when

sensitivity is measured by alteration of the structure ( i . e . , undisturb
ed to remolded strength).

However, there is a significant difference

between the average undisturbed sample strength and the fie ld vane

179 .
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strength.
A significant amount of scatter in strength test data from undis
turbed samples is shown in Figure 175 of Appendix E.

As can be seen in

Figure 176 of Appendix E, the moisture content of the Morgan City samples
varied widely.

Whether this can be attributed to sample disturbance

and/or to natural variation may be debatable.

However, i t does seem to

strongly suggest that such a s o il, while not sensitive to structural
disturbance, is sensitive to changes in moisture content. Rowe, 1972,
pp 197, 198) discusses sensitivity of some s ilty clays as being a
function of permeability and change in moisture content more so than
mechanical shear.

He also observed that permeable fabrics caused wide

scatter in the undrained strength.
The results of consolidation tests on samples from the 9 - 1 2 f t .
depth are shown in Figures 81, 82, and 83, respectively.

The samples

from the 12 +_ f t . depth indicated overconsolidation ratios of between
2 and 7.

The three and the five inch shelby samples for the 12 -

15 f t . depth gave almost identical results, Figure 82.

This was not

the case for the samples from the 30 f t . depth, Figure 83.

At f ir s t

glance, the e log S curve would indicate a greater degree of distur
bance of the 5 inch shelby samples.

That is , a greater degree of re

molding as a result of sampling and testing techniques.

However, an

examination of the coefficient of consolidation, cy , shows the 5 inch
shelby values to be greater than that of the 3 inch shelby.

This is

contrary to what should occur as a result of remolding.
The preconsolidation pressures as shown by the two curves in
Figure 83 also disagree.

That of the three inch sample is more than
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twice the value obtained from the test on the five inch sample.

The

five Inch preconsolidation pressure of 1.1 ts f is approximately equal
to the existing overburden and would indicate that the soil at this
depth is a normally consolidated or perhaps a slightly overconsolidated
s o il.

For this depth and considering the fact that the soil is a recent

deltaic material, i t appears that the preconsolidation pressure computed
from the 5 inch thin-wall tube sample is more acceptable than that of the
three inch sample.
In sampling, the permeable fabric of the soil lends its e lf to a
greater degree of remolding by the three inch shelby sample.

The re

molding tends to increase the preconsolidation pressure and may, in
some cases, increase the shear strength.

The coefficient of consolida

tion at the 30 foot depth is greater by more than a factor of

ten, than

that of the specimen from the twelve foot depth.
Thus, as emphasized by Rowe, 1972, a detail description of the
fabric may be quite relevant in selecting the type of samples and
testing program.
disturbance.

I t is also a major consideration in assesing sampling

Additional test data for the Morgan City site is presented

in Appendix E.
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BENTON SITE
Location and Geology
Located In Bossier Parish, north of Benton, Louisiana, this site
consisted of soil of the Pleistocene Prairie Terrace, Figure 30.
Broad, relatively f la t expanses of Fluviatile Terraces in this area
are conmonly referred to as "Oak Flats".

These areas are known for

their retention of water for long periods after rains.
In general, the Pleistocene Terrace soils in Bossier Parish ex
h ib it a profile development as a result of downward leaching of clays,
the top zone tends to be s ilty and at lower levels, where the clay
collects or concentrates, claypan results.

Below the claypans, clays

and grey s i l t lens are found.
Sampling and Field Testing
Both 3-inch diameter and 5-inch diameter tubes were used to secure
samples at this location.
The standard penetration test was conducted at 3 foot increments
from the surface to a depth of 42 feet.
sent to the laboratory.

SPT samples were secured and

Profile data is given in Figure 84 and Table

10.
Test Results
Moisture content of this soil was approximately equal to the
plastic lim it.

Atterberg tests, grain size and unconfined compression

tests were conducted on samples obtained from depths ranging between
18 and 27 feet.

This was a very s t if f brown fissured clay.

Strength

187
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TABLE 10 TYPICAL SOIL PROPERTIES-BENTON SITE
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tests were conducted on 5-inch diameter, 3-1 nch diameter

and

samples.

heavy wall

As the s p lit spoon samples are obtained with a

sampler, which is percussion driven, the remolding effect of

samplingis

obviously much greater than those of the shelby tubes.
A comparison of the sampler influence on the unconfined shear
strength of samples obtained with the s p lit spoon, 3-inch shelby tube,
and 5-inch shelby tube at the Benton site is presented in Figure 85.
The diagonal line is the equal strength line.

Note that the s p lit

spoon samples gave strengths greater than the 3 and 5-inch diameter
samples and that the 3-1nch sample strength was larger than the 5-inch
sample.

Thus, the remolding effects of sampling on this s t if f fissured

clay is one of increasing the unconfined shear strength.
Additional laboratory test data is presented in Appendix E.
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BATON ROUGE SITE
Location and Geology
Several boreholes were placed in the Louisiana Department of High
ways yard at the central testing laboratory in Baton Rouge, Figure 30.
The material sampled was of the pleistocent Prairie Terrace and consisted
of a s t if f brown fissured clay with s i lt lens and traces of iron oxide.
Sampling
A series of 3-inch thin-wall samples ranging from a depth of 23 to
32 feet were secured from three boreholes.

Much of the material above this

depth consisted of s ilts or was a r t if ic ia lly placed f i l l material.

All

of the samples were taken with the 3-inch shelby tube.
Test Results
At the Baton Rouge site , the in itia l intention was to study the
effects of storage time on the compressive strength.

However, the re

sponse of the material was dominated by the occurance of fissures and
slickensides.

The effects of storage of this soil tended to be masked

by the macro-structure.
Four sets of tests were conducted.

These included unconfined com

pression strength run at different storage periods and a remolded series.
The storage periods included:
1.

Four to six hours after sampling,

2.

One week of storage in the moisture room, and

3.

One month of storage in the moisture room.

Profile data and test results are presented in Figure 86.
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A comparison of the remolded strength to that of the undisturbed
compressive strength is shown in Figure 87a.
sents equal strength.
strength.
pared.

The diagonal line repre

Remolding of the fissured material increased the

In Figure 87b, the undisturbed upper and lower sample are com

The lower sample strength was somewhat greater than that of the

upper sample strength.

This indicates the possibility of a greater

degree of remolding to the lower portion of the sample.

This would seem

logical since the frictio n forces at the wall of the sampler increase
with penetration depth.

Thus the stress intensity at the lower portions

of the sample is higher than that near the top surface of the sample.
Figure 6.

Lang (1971) also found that test specimen from the lower por

tion of the sample of a s t if f clay consistently yielded higher strength
test results than those from the upper portion.

However, he did not in

dicate that the s t if f clay was fissured.
Additional test data is given in Appendix e.
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MONROE SITE
Location and Geology
This sampling site is located northeast of Monroe, Louisiana.
shown in Figure 30, the surficial material is recent alluvium.

As

These

soils are characteristically gray or brown in color and are believed to
have been transported and deposited by the Quachita River as an exten
sive alluvial fan.

This recent alluvium overlaps the Pleistocene Prairie

Terrace which outcrops just to the north in Morehouse Parish.

Soils of

the Prairie Terrace are highly oxidized and are a reddish brown color.
Sampling and FieTd Testing
Five-inch and three-inch diameter shelby tube samples were secured.
The standard penetration test was conducted at 3-foot intervals to a
depth of 42 feet.

The SPT samples were retained for laboratory tests.

Test Results
The soil profile is shown in Figure 88, and the soil properties are
•given in Table 11.

Unconfined compression test and the undrained t r i -

axial tests were used in testing the s o il.

As indicated in the soil

profile of Figure 88, the material was a s t if f fissured so il.
for the confining pressures used (c3 =

o g ),

However,

there did not seem to be any

effect on the shear strength of one test technique as opposed to the
other.
A comparison of sampler influence on the average undrained shear
strength, Figure 89, appears to indicate an increase in strength as a
result of sample disturbance, or remolding.

Note that the shear strength
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TABLE II

TYPICAL SOIL PROPERTIES - MONROE SITE
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of the SPT samples exceed somewhat that of the 3-inch and 5-inch samples
and that there seems to be a slight increase of strength of the 3-inch
over the 5-inch samples.

This is attributed to the remolding of the fis 

sured material.
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LAROSE SITE
This site Is located southwest of New Orleans and east of Houma
In Lafourche Parish, Figure 30.
natural levee deposit.

The sampled soil consisted of a Recent

Figure 90 is a radiograph of a 3-inch core

sample and indicates a caotic flow of the s i lt material.

The pattern is

such that this is attributed to sampling disturbance or flow of the
material during sampling.

FILLMORE SITE
The Fillmore site is located approximately fifteen miles east of
Shreveport.

The soil is of the Tertiary Wilcox formation.

s t if f layered so il, Figure 30.
tica l cracks, Figure 91.

This is a

Radiographs of the cores show many ver

I t is believed that the drag along the inside

surface of the sample tube caused these cracks.

The stiffness and

brittleness of the soil was such that vertical fracturing of the layers
occurred rather than bending.

UNDISTURBED SAMPLING RELATIVE TO SOIL FABRIC
In addition to the geologic formations to which the individual sites
were identified with, i t was observed that the response of the soil was
related to the type of soil structure or fabric.

Samples tested in this

study were categorized such that the effects of sampling on soils within
a group is similar.

For the sampling sites investigated, the soils are

grouped as follows?
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Figure 90 - X-Ray Radiograph - 3" O.D. Core - LaRose Site
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Figure 91 - X-Ray Radiograph - 3" O.D. Core - Fillmore Site
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Fabric or Soli Structure/6edlogy

Site

Stiff-fissured clay
Pleistocene

Baton Rouge
Benton
Lake Charles (0-27 f t . )
Monroe

Multiple slickensided clays
Recent Backswamp
Permeable Fabric
silty-clays & clayey s ilts
Recent Deltaic
Soft, varved s ilts and clays
Recent aluvial-marine
Homogeneous, Irregular clay fabric
Pleistocene

Erwinvllle
Morgan City
Houma
Laplace
Lake Charles (30 + f t . )

In general, the response of the s t i f f fissured Pleistocene clays
to sampling was one in which some degree of smearing or remolding of the
fissures took place.

As a result, unconfined tests and tria x ia l tests

a t lower chamber pressures yeilded greater strengths for the more dis
turbed samples.

These values, however, are probably lower than the ac

tual in-place strength which exists with the confining pressure and
support of the intact soil strata.

But, for a slope sta b ility or

trenching problem, the disturbances or remolded fissures may yield
strength values too high for design.
The nature of the fissures and their orientation is the governing
criteria of the test performance of these samples. Sampling disturbance
in such a material appears to be secondary although prolonged storage
of samples may result in a stress relaxation at the interface of the
fissures.

An in depth study of the effect of confining pressure was
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not conducted in this program of research, though a relationship surely
exists.

I t is common practice in local soils laboratories to use the

remolded strength of fissured soils for most engineering problems.
As discussed, the Recent backswamp soil of Erwinville has a
macrostructure consisting of a network of slickensided surfaces.

The

samples could be readily pulled apart into smaller and smaller lumps.
These were separated by shiny planes of weakness or slickensides.

This

material did contain many roots which offered some degree of reinforce
ment.

As with the s t if f Pleistocene soils, remolding or sample distur

bance increased the unconfined strength.

The overall test results are

primarily dependent on the slickensides with the sampling disturbance
of a secondary consequence.

However, in comparing the test results on

a 5-inch sample which is trimmed down for testing to a 2.8 inch diameter
with that of a 2.8 inch sample (untrimmed), tested as extruded from the
3" sampler, the smaller untrimmed sample should on the average produce
slightly higher strength values.

This would be the result of the smeared

periphery of the smaller samples edges.
The grainy texture of the Morgan City-Houma site in combination
with the higher s i lt percentage produced a soil which was permeable in
nature.

Such a soil is sensitive to moisture content variations which

may be altered as a result of the sampling operation.

The results of

tests on these soils did show erratic results.
The soft varved layers of s ilts and clays found at Laplace were
subject to drastic distortion in sampling.

Test results from different

samples, strongly shows the pneumatic piston sampler to be the best in
securing good quality samples.

The piston samples compared quite
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favorably with the fie ld vane test results.

The soft, s ilty clays

occuring between the s i l t and the silty-sand layers was quite flu id .
Structural disturbance in sampling ranged from caotic flow of the soil
to shearing of the layers as a result of drag on the sampler walls.

The macrostructure of the Lake Charles soil at 30 feet consisted
of a heavy grey clay matrix with scattered shells and s i l t seams.

How

ever, the engineering properties of this soil were governed by the
microstructure of the clay.

The growth of pyrite crystals had altered

the clay particles arrangement yielding an irregular and unstable fabric
or one with a random pattern throughout the so il.

As a result, the

clay structure was sensitive to sampling techniques and size.

Block

samples were far superior to the more coninon 3-inch shelby sample.
Sample Protection
Two methods of sealing the extruded cores were to be compared.
Identical samples were either completely immersed in melted paraffin or
wrapped f ir s t in household polyethylene film and aluminum f o il and then
sealed in household polyethylene bags.

All samples were transported in

specially-molded styrofoam boxes (Figure 4).
The coating of undisturbed samples with paraffin has been accepted
as one method of preserving sample integrity.

However, earlier labora

tory observations indicated that even experienced and careful tech
nicians had d iffic u ltie s in removing the hardened paraffin without
damage to the samples.

Also noted was sweating under the paraffin.

A

sample from a depth of 40-feet has a body temperature of about 65°F,
(18°C).

Sihen i t is wrapped in fo il and dipped in hot paraffin (49°C),
206
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considerable sweating results, with an increase of moisture content in
a zone adjacent to the outer surface o f the sample.

The potential sud

den effects of water migration on the pore pressure and moisture dis
tribution, as well as the homogeneity of the s o il, would be highly un
desirable.
The use of aluminum fo il and plastic film as a protective coating,
instead of paraffin, was studied.
Approximately 100 tube samples (about 18-inches long) of three
types of soils were sliced lengthwise immediately after sampling to
make three specimens.

One of these, to be used for determining the

natural moisture content, was wrapped in a plastic bag.

The others were

used to determine the effectiveness of two protective coatings.

One

slice, after being wrapped in f o il , was placed in a 6-inch round ice
cream carton which in turn was f ille d with melted paraffin (the usual
fie ld procedure).

The other specimen was wrapped in aluminum fo il and

sealed with household plastic film .

The three specimen*?from one sample

were then placed in a clear plastic bag that was p artia lly sealed with
a twist-wire t ie and sent immediately to the laboratory in a styrofoam
ice chest.
The natural moisture contents were determined imnediateiy upon
arrival to the laboratory.

Both the paraffin-coated and the f o il /

plastic-wrapped specimens were stored at 100 percent humidity and at
72°F, (22°C).

After random storage periods of 14 to 33 days, the two

specimen of a set were tested for moisture content from each whole
slice.
The results indicated that the fo il/p la s tic wrapping maintained the
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moisture content of a specimen just as well as the paraffin coating
(Table 12).

After these tests, the Louisiana Department of Highways

adopted the use of fo11/plasttc protection Instead of paraffin.

Samples

are stored and transported In a specially designed Insulated styrofoam
container (Figure 4).
Simulated Field Storage
Earlier observations had shown that sampling crews usually remain
in the fie ld about five days before bringing samples to the laboratory.
These samples were f ir s t extruded in the fie ld , wrapped, placed in the
special styrofoam boxes (Figure 4) and they were stored in covered
trucks.

The temperature in the storage part of these trucks often rose

to and remained a t 110°F (43°C) for about ten hours each day.
To study the effect of such storage on moisture content, 10-inch
long samples (3-inch diameter) were brought in plastic bags to the lab
oratory iiranediately afte r extrusion.

A 1/2-inch thick specimen was cut

from the middle for determining the natural moisture content.

The re

maining two end sections (about 4.5-inches long) were then rewrapped and
placed in the styrofoam containers.

One set of containers was kept in

a forced-draft oven a t 110°F (43°C); the other set, at 72°F (22°C) and
100 percent humidity.

After 5 days, the specimens were removed and the

moisture contents determined from the whole 4.5-inch length.
Because no appreciable difference is moisture content among the
three sets was found, i t is evident that the storage methods and the
two protective coatings caused no changes in the moisture content
(Table 13).

Thus any obseryed differences in the moisture content of

samples are inherrent — probably due to s i l t and calcareous intrusions, etc.
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TABLE 12

TEST OF SAMPLE PROTECTION METHODS
(Typical Soft and S t iff Heavy Clays)
14-31 Days at 72°F and 100 Percent Humidity

AVERAGE MOISTURE CONTENT (Percent)
latural

Paraffin-Coated

29
27
39
35
39
51
53
57

26
29
37
35
38
48
54
53

27
30
38
31
40
53
53
55

22

21

21

22
24
64
67
19

24
19
64
65
16

22
24
64
67
17

21

20

21

Foil-Plastic Wrapped

17

18

19

20

20

20

13

13

11

12

12

12
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TABLE 13

SIMULATED FIELD STORAGE OF EXTRUDED CORES
MOISTURE CENTENT (PERCENT)

Natural
Heavy Clay
Heavy Clay
Heavy Clay
Heavy Clay
Heavy Clay
Heavy Clay
Heavy Clay
S ilty Clay
Light
S ilty Clay
Clay
Clay
Clay
Clay
Clay
Clay

5 Days at 110°F

5 Days at 72°F and
TOO percent humidity

56
69
69
66
67
64
64
19.3

63
63
69
69
71
64
64
19

62
71
70
66
65
67
63
14

29
23
56
69
66
67
64

29
23
63
70
69
72
64

30
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Long-Term Storage
The effects of long storage times on the shear strength and con
solidation characteristics were determined from three types of samples:
12-inch hand-cut cubes, 5-1nch cores and 3-1nch cores.

All samples were

sent to the laboratory immediately after protective coatings had been
applied.

In itia l testing was performed on 2.5-inch diameter cylindrical

specimens trimmed from identical companion samples to determine the
moisture content, unconfined compressive strength, undrained triaxial
shear strength, and consolidation characteristics without long term
storage effects.

The remaining samples were stored for different times

at 72°F (22°C) and 100 percent humidity in the field-applied wrappings.
In the case of the unstored samples, the in itia l (4 to 7 days) un
drained trla x ia l shear strengths of specimens from the 5-inch cores
were slightly lower than those from the large hand-cut blocks.
from 3.0 inch cores had much lower strengths (Figure 92).

Specimens

Such effects

must be attributed to disturbances of the outer zones during tube driv
ing and core extrusion.
At the end of randomly-chosen periods, the stored samples were re
moved from their containers, trinmed to cylindrical specimens (2.5inch diameter), and tested for confined compressive strengths, undrained
trla x ia l shear strength, and consolidation characteristics.

Only

samples with similar moisture contents, densities, and classifications
were used.
Up through the f ir s t ten days of storage, the decrease in shear
strengths for specimens from the three sizes of samples was small —
practically indiscernable.

However, the specimen strength of both the
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3-inch and 5-inch cores deteriorated a t an increasing rate after the
f ir s t ten days (Figure 92}.
Any attempt to analyze this strength deterioration versus time
numerically would be of no value and might be misleading, because each
type of soil reacts differently to storage time as well as other dis
turbances.

However, i t is of the utmost importance to know that ex

tended storage affects the strength and that i t should be avoided.

The

derivation of a universal correction factor or formula does not appear
feasible due to a ll the variables involved.
The relaxation of overburden stresses, changes in pore pressure,
and unavoidable migration of water within the sample, as seme of the
reasons for changes in the measured soil characteristics, are demon
strated by the lack of strength reduction ir. specimens from the block
samples (Figure 92).

The results agree with those of Kallstenius (1971).

Extended storage times also bring about a reduction of the preconsolidation pressure by as much as 30 percent (Figure 93), for
specimens from the tube cores.

By contrast, no change occurred in the

block samples, except for some scatter after 100 days.

Bozozuk (1970)

found much less reduction, only 4.8 percent.
Evidence of disturbance 1n 3-inch cores is shown in Figure 94.

The

void ratio/log pressure curves approach those obtained from the same
soils after they had been remolded and compacted under static loads that
approximated the original overburden pressures.
The average moisture contents during extended storage remained
unchanged.

Conceivably, some change in moisture content or dry density

should also occur.

However, all determinations of these properties
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showed only small variations due to natural inherent scatter.
Extrusion Effects
Several methods are used to extrude soil cores from sampling tubes.
Pressurized water, as well as hydraulic rams, are used in the fie ld or
laboratory.

Each method affects the soil properties, depending on the

soil type, its condition, and the type of sampling tube, etc.
Several replicate samples were obtained with a 3-inch thin-walled
tube from each type of soil deposit.

Some cores were hydraulically ex

truded in the fie ld and placed in a protective coating.
sealed in the tubes.

Others were

All samples were transported without delay to

the laboratory.
The field-extruded samples were tested for unconfined compressive
strength after being radiographed.
The sealed samples were used to determine the extrusion pressure
and the resulting strains.

At f ir s t , strain cells attached to the pis

ton of the hydraulic ram were used to determine the extrusion forces.
More consistent results were later obtained with a calibrated pressure
gage attached to the o il cylinder.

The displacement at the ends of the

cores were measured with two extensiometers.
After a core has been extruded, a portion of i t was trimmed and
tested for unconfined compressive strength.
for X-ray radiography.

Another section was sliced

Some test specimens were also radiographed be

fore the unconfined compression test.
During the core extrusion, the end of the sample in contact with
the piston began to show measurable displacements before the opposite
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end.

Thus internal displacements were occurring within the tube.

The

maximum strain (the strain at the piston end before steady movement at
the opposite end) varied from 0.001 to 0.005.

The average strain was

0.003 (Table 14).
Tn a ll cases, the applied stress exceeded the unconfined compres
sive strength of the soil to a maximum of 900 percent.

This is some

what less than the 1340 percent measured by Lang (1971).
A serious type of disturbance shown by radiographs was failure
plane patterns in some of the untested clays (Figures 57 and 68).

These

failure planes occurred at intervals along the longitudinal axis of
some specimens.
To determine i f the failure planes had occurred during either
sampling or extrusion, radiographs of specimens in tubes were also made.
However, because of parallax effects caused by the roundness of the
sample and shadowing of the high-intensity X-rays necessary to penetrate
the steel tubes the tests were inconclusive.

Thus i t could not clearly

be determined when these failures occurred.

However, edge turning could

be observed in the radiographs of unextruded cores~an indication that
at least some of the edge distortion took place during tube driving,
which is to be expected.

However, i t is more lik e ly that most of the

failure planes appeared during extrusion because the sample was in com
pression.
I t was observed in the fie ld , that in driving the sample tube, i t
was not uncommon to see the rear end of the truck-mounted rig l i f t off
the ground.

This technique, which was utilized by the fie ld crews in

insuring that a fu ll length of sample was secured, raised the question
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TABLE 14

TYPICAL EXTRUSION STRESSES AND UNCONFINED COMPRESSIVE STRENGTHS
(Heavy S t iff Clay at 35-foot Depth)
Sample
Length
(inches)
22
33
32
33
33
33
25
33

Max. Extrusion Max. Extrusion Unconfined Comp.
Stress
Strain
Strength*
(psi)
(psi)
69
150
137
94
129
159
78
198

0.005
0.004
0.004
0.003
0.003
0.003
0.001
0.003

17
12
20
20
14
20
6
28

Unconfined Comp.
Strength**
(psi)
-

14
18
19
-

9
-

♦Laboratory-Extruded
**Field-Extruded
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of oyerdrivfng.

Figure 95 shows the top of a laboratory extruded

sample which was overdriven.

Note the knob at the top which is formed

where the s o il, under pressure, was forced into the adapter head at the
top of the sampler.

This technique used by some of the fie ld crews

could account for the formation of failure planes occurring in some
of the samples.
Photoelastic Analysis
To obtain a qualitative analysis of the stress patterns developed
during sampling, a photoelastic analysis was performed with a thin-wal
led tube that had two opposite 90° arcs of the wall removed.
A gelatin/water mixture was poured into a 4-foot x 5-foot x 3-inch
glass-walled tank with cross polorizing filte r s on the walls.

After

the gelatin had set, a tube sampler was slowly driven in by hand.

The

developed stress patterns (resulting from bi-refringence of gelatin)
were recorded on color movie film and color s t il l photographs (Figure
96). These patterns, covering the fu ll volume of the driven tube,
were very similar to the bent layers in soft soils that had been ob
served in the radiographs (Figure 72).

However, no failure planes de

veloped.
Although this experiment showed that distortion occurs during
sampler driving, i t did not disprove the earlier-stated contention;
frictio n due to adhesion of the soil to the tube wall increases the
distortion during extrusion.
V artatiohs in 3 6 -Inch Long Cores

Figure 97 shows the erratic physical variations along a typical
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Figure 95 - Top of Overdriven Sample
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Figure 96 - Photoelastic Stress patterns During Sampling
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36-inch long tube sample obtained from a soil tbat is locally con
sidered to be uniform.

( I t should be noted that the core was classified

as a s ilty clay for its fu ll length.)
variations in the Atterberg lim its.

All the specimens showed similar
With the unconfined compressive

strength varying from 1100 to 2700 psi, the arbitrary selection of a
representative single specimen from this sample could result in either
underdesign or overdesign.
I t should be emphasized that some of these variations are probably
due to sampling and extrusion disturbance.

However, slickensides not

visible to the naked eye, very thin sand and s i l t layers, calcareous
nodules, and marine shells were observed in radiographs of parts of
these specimens.
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CHAPTER V III

CONCLUSIONS AND RECOMMENDATIONS
The following conclusions are made based on the results of this
study;
1.

Engineering properties of soils studied showed significant
inherent variations.

Thus, in selecting representative

data for design purposes i t is of utmost importance
to determine the predominant characteristics of soils
rather than characteristics of individual specimens.
2.

The extent and nature of the sampling disturbance
occurring is a function of the soil type and the
sampling techniques used.

Consideration must be

given to the fabric of the soil when selecting the
proper sampling tool.
Disturbance caused by sampling a fissured
material has a tendency to remold the discontinuous
surfaces.

This occurs more so in the smaller tube

samples.

The effect of stress release on a fissured

material is one of separation of the fissures.

Thus,

the tendency of one disturbing factor in combination
with the other is a partial compensation.

However,

in unconfined compression tests and undrained triaxial
tests with low to moderate (approximately that of the
effective overburden stress), failu re does occur along
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existing fissures.

Thus the effects of stress release

appears to be most critic a l on such test results.

I t is

the effects of sampling on the macro-structure ( i.e .
fissures) that is of interest here.
For soft soils ( i.e . high moisture contents or
soils which have a tendency to flow, a piston sampler
should be used.

Field tests such as the shear vane

device should also be conducted with the sampling of
soft soils when possible.
In sampling soils with a permeable fabric (i.e .
a high s i lt and sand content) there is a danger of
altering the natural moisture content.
For soils in which failure occurs in the micro
structure (such as the Lake Charles site at the 30foot depth), disturbance due to sampling is in the
form of an alteration of the clay particles or a weaken
ing of the particle binding.
3.

Larger samples minimize the sampling disturbance.
Whenever practical, large (5-inch) diameter samples
should be obtained and trimmed down to 2.5 inches or
1.4 inches in diameter to eliminate the distorted
outer sections of the specimens.
In many cases, there in no advantage of a larger
sample over the more common three-inch shelby tube
sample.

However, i f there is a question concerning

the sample quality, a series of larger samples should
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be taken for comparison.
Block samples provide the least disturbed soil
sample.
4.

Current sampling methods and equipment used in
Louisiana can drastically alte r the test results of
soil specimens, particularly the results of strength
and consolidation tests.

As much as 55%, (Lake

Charles), decrease in strength was noted in this
study.

Variation of the shape of the e log 5

curve between sample types was also observed to be
significant and resulted in large discrepancies in
settlement predictions in some instances.
The stress-strain relationship of the soil is
also greatly affected by sample disturbance.

The

modulus of elasticity was found to be dependent on
the type of compression test (U or UU) for the tube
samples.

This was not the case for the less distru-

bed hand-cut block samples.
5.

The methods of storing the samples in polyethelene
plastic film and aluminum fo il offers satisfactory
protection for the cores provided they are stored
in containers protecting them from impact and kept
in a 100% humidity room.
Long-term storage of soil cores causes serious
deterioration of the strength characteristics and a
lowering of the measured preconsolidation pressure
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of the so il.

Soil cores should be tested within 15

days after sampling to eliminate deteriorating effects
of long-term storage.
The severity of stress relaxation and moisture
migration increases with time and is to a great ex
tent a secondary effect of the structural disturbance
which occurs during the sampling phase.
6.

For the soils studies, extrusion of the cores required
stress levels much higher than the strength of the soils
being extruded.

Soil reorientation as well as internal

failures may take place during sampling and extrusion.
7.

X-ray radiography is a useful tool in determining the
extent of disturbances as well as the presence of
anomalies within soil cores.

X-ray radiography re

sults should be made part of the soil testing in
critical foundation design projects.
8.

In-situ testing should be used as a means of veri
fication and selection of design data.

The following recoranendations are presented as considerations for
further study:
1.

Additional comparative analysis with piston
and other sampling devices is needed.
Currently the Osterberg sampler is used in
securing soft clays which are d iffic u lt to
obtain with an open drive sampler.

I t is

quite possible that some of the sample
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disturbance occurring in the sampling of
medium clays could be eliminated by using a
piston sampler.
2.

The formulation of a class or quality designation
of sample type based on local needs is desirable.
Such a system would be useful to engineers as a
means for specifying the type of sample which
would yield the uniformation needed.

I t would

also help to clarify to the sampling crew and
testing laboratory the time and effo rt to be
devoted toward obtaining that information.

A

system such as that presented in Table I along
with suggested sampling methods for obtaining
such samples would be most valuable.
3.

A thorough review of the safety factors and
other design crite ria used by designers in ligh t
of the findings of this study should be made.
Consideration for the magnitude of the sample
disturbance resulting from sampling, handling
and storage time and its significance on design
is of utmost importance.
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APPENDIX A

MICROANALYSIS
LAKE CHARLES SITE
Strength tests on block samples front the Lake Charles site resulted
in a very distinct, sudden failure at ultimate load.

Due to the b r ittle 

ness of the material, cementation of the soil's structure was considered.
Materials Evaluation Laboratory Inc. of Baton Rouge, La. was commissioned
to conduct a microanalysis of this soil.

Two cube specimen, marked for

proper orientation, from block sample No. 4 (27+ f t . ) were furnished for
this study.

The following is the report.

INTRODUCTION
The microanalysis of soils can be very useful in interpreting d if
ferences in their physical behavior.

The soils may be well laminated

or heterogeneous at the sub-micrometer level and thereby influence the
strength at failure and the direction of shear-propogation.

Well-bedded

clay rich materials are much weaker parallel to the planes of orientation;
Microscopic changes in composition may introduce an additional hetero
geneity and produce an unpredictable behavior.

Accumulations of calcium

carbonate or iron oxide may cement the soil matrix compenents and form a
rigid framework.
In this study, the scanning electron microscope and an energy dis
persive X-ray microprobe (SEM-EDS) have been used to perform a micro
analysis of soil from the vicinity of Lake Charles, Louisiana.
the chief goals was the identification of cementitous compounds.

One of
The
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chief advantage in using this type of instrument for this study lies in
its a b ility to provide "pictures" of chemical differences.

That is , the

SEM-EDS provides pictures in the form of elemental distribution maps
which show where the chemical species occur and what they are associated
with.

The accompanying photomicrographs demonstrate the u t ility of the

technique and the concentration of iron as an iron sulfide in the soil
sample labeled Lake Charles.

MATERIALS AND METHODS
Two samples were received in the form of cubes approximately 4
inches in size.

The soil cubes were wrapped in cellophane and aluminum

fo il and had been dipped in wax to preserve their field moisture.

They

remained sealed until the time of sampling for microanalysis.
The cubes of soil were sampled with 5/8 inch cork borer perpen
dicular to the top surface and parallel to i t about one-half of the way
down on one side.

This provided two continuous cores approximately 10

centimeters long which were trimmed with a razor blade to produce a 4
millimeter by 4 millimeter by 10 centimeter piece for microanalysis.
Representative sections about 1.5 centimeters in length were then dried
by critic a l point drying techniques and then coated with a thin layer of
gold or carbon prior to examination in the SEM-EDS.
Critical point drying was used because i t is the least disruptive of
drying methods.

That is , i t minimizes the possibility of the rearrange

ment of soil particles as water is removed.

Gold was applied to those

samples which would be used for microtextural analyses in order to obtain
the best quality images of the soil particles.

However, gold interfers
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with X-ray observations so the samples used in roicroprobe determinations
were coated with carbon.

The image quality produced by the carbon-

coated soils is not as high as the gold coated ones, but the sacrifice
is necessary for good X-ray results.

Both specimen coating techniques

were employed on the samples and the entire coring operation was repeated
in order to insure the representative nature of the observations.
Two types of pictures were produced in the SEM-EDS.

The continuous

tone photographs are secondary electron images of the specimen surface
and illu stra te at high magnifications the arrangement of the soil par
ticles, or the micro-texture.

The photographs exhibiting patterns formed

by dots are elemental distribution maps.

Each dot represents an area on

the specimen where an X-ray characteristic of a selected element was
produced.

For example, there are several photos which illu stra te by

clusters of dots where surphur, or iron, or calcium are present.

The

X-ray maps are produced at the same magnification as the accompanying
electron images so that one can relate an observed element concentration
to morphological features.
In a l l, stubs containing pieces of 4 different samples were examined.
Sample 1- Cube No. 1
A - section perpendicular to top
B - section perpendicular to top
C - section perpendicular to one side of cube
Sample 2- Cube No. 1 second core of above
A - section perpendicular to one side of cube
B - section perpendicular to top
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C - section perpendicular to top
Sample 3

- Cube No. 2

A

- section perpendicular to top

B

- section perpendicular to top

C

- section perpendicular to one side of 6ube

Sample 4

- Cube No. 2 second sampleof above

A

- section perpendicular to one side of cube

B

- section perpendicular to top

C

- section perpendicular to top

RESULTS
The results of this study are presented in the following figures.
The captions are expanded and explain the major observations as well as
some of the interpretations formed during the investigations.
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Figure 98. Magnification 2000X. Electronmicrographs of Sample 2
Cabove) and 4 (below) illustrating the texture of the
soils. A gold coating was applied in order to obtain the
best secondary electron image. There is evidence of hori
zontal layering of flake-shaped clay particles in both
samples. The layering is disrupted in some areas by ver
tical planar surfaces and some in varying orientations.
A slightly curved surface resembling those formed by
slickensides is present near the upper right-hand margin
of the top photo. There is a slight indication that
layering is more perfectly developed in samples 1 and 2
and that formation of iron sulfide crystals has disrupted
the bedding in samples 3 and 4.
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Figure 98 - Electron Micrograph
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Figure 99. Magnification 2000X. Electron micrograph (upper, 99a) and
calcium (lower, 99a) and iron (99b) element distirbution
maps. Horizontal layering and some non-parallel curved
surfaces are present in the soil. Calcium is uniformly
distributed at low levels throughout the sample. The same
is generally true for iron, but one small spherical grain
can be seen. This is probably an iron oxide because no
other elements were detected on closer examination. This
was sample #2A.
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Figure 99a) - Electron Micorgr*
Distribution Map

>er} and Calcium Element

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Figure 99b) - Iron Element D istrib u tio n Map
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Figureioo. Magnification 2000X. Electron micrograph (upper) and iron
distribution map (lower) of sample #2C. Layering is promi
nent with the top of the sample to the le ft . Even though
this specimen was taken from a core at 90 to the previous
photo, there is no apparent change in texture. The bedding
is dominant. The iron distribution is uniform and the
element is present at low levels throughout.
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Figure TOO - Electron Micrograph (Upper) and Iron
Distribution Map (Lower)
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Figure 101. Magnification 2000X. Electron micrograph (top, 101a) and
iron (lower, 101a) and sulfur lower, 101b) distribution
maps from a typical area on sample 4. There is an appar
ently large number of clay flakes oriented perpendicular
to bedding and in the plane of the photograph. Samll
clusters of 1 - 2 micrometer particles are present and
particularly well-developed near the right margin just
above the center. The iron and sulfur maps show accumu
lations of these elements to be coincident with the
above. There is some iron and sulfur present in the re
mainder of the sample but both occur at low levels. The
areas of concentration represent places where pyrite
crystals have formed and judging by the amount of dis
ruption of the parallel bedding in these areas, they pro
bably formed after the clay was deposited. They could serve
as textural modifiers and change the failu re of the samples.
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Figure 101a) - Electron Micrograph (Upoer) and Iron
Distribution Map (Lower)
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Figure 101b) - Sulfur Distribution Map
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Figure 102. Magnification 2000X. In some areas the pyrite crystals
are almost as abundant as the clay particles. A crystal
about 10 micrometers in diameter is present in this
electron micrograph of,sample #4A. Iron (lower, 102a)
and sulfur ( 102b) distribution maps confirm the identity
of this crystal and others as pyrite. There is some
indication that iron is more evenly distributed than
sulfur and may occur independent of pyrite crystals.
The crystals appear to be cubes truncated by octahedra,
although the one right of center may be the pyritohedron.
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Figure 102a) - Electron Micrograph (Upper) and Iron
Distribution Map (Lower)
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Figure 102b) - Sulfur Distribution Map
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Figure 103. Magnification 500QX. Well developed planar surfaces
perpendicular to bedding and pyrite crystals are
apparent in sample #4B. The presence of the pyrite
crystals is accentuated in the sulfur distribution map.
The presence of a gold coating produces an abnormally
high background leveT in the element map of sulfur,
but the area of crystal formation are evident.
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Figure 103 - Electron Micro?
Map of Sulfur I

and Element
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Figure 104. Magnification 5000X (top) and 10,000 (lower). Well
developed pyrite crystals and variable clay fabric are
illustrated in these micrographs of samples 4B and 4A,
respectively. The individual crystals in the lower
photo are less than one-half of a micrometer. In the
lower part of this phOuO parallel flakes of days are
oriented perpendicular to bedding. A cluster of
pyrite crystals and a quartz grain are evident in the
upper photo.
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Figure 104 - Electron Micrograph « Pyrite Crystals and
Variable Clay Fabric
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Figure 105.

Energy dispersive X-ray spectrum illustrating the
chemical elements present. This was the more chemically
diverse sample. Elements present include aluminum,
silicon, sulfur, potassium, caloium, titanium, and iron.
The aluminum and silicon are the major elements associated
with the clay minerals in the soils. Iron and sulfur
are associated as micro-crystals of pyrite.
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FIGURE 106 X-RAY DIFFRACTION,ORENTED SLIDE - LAKE CHARLES SITE(3 3 -3 6 'DEPTH)
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APPENDIX B
X-Ray Radiogrgphy. Equipment and Technidues
Two different X-ray machines were used during this study.

These

were the Picker X-ray machine (max 200kv, max 15ma) and the PhilipsNorelco X-ray machine (max 300 kv, max 30 ma).

The Philips-Norelco

machine had an additional'advantage in that the X-ray tube is not en
closed as is the Picker machine.

Thus in addition to having a higher

voltage potential there is no sample size lim itation with the PhilipsNorelco as there is with the Picker machine.
Two types of film were used, Kodak AA industrial film and Kodak type
M industrial X-ray film .

The size of the film is 8 in. x 10 in. sheets

and is loaded in GAF ANSCOFLEX film holders for X-ray exposure.
Soil samples were X-rayed under three different conditions.

These

included core slices in which a 3/8 in. to 1/2 in. slab was cut from the
center of a core, extruded cores, and 3-in. shelby sampler tubes with
the sample enclosed.
unsliced
clay.

In order to enhance the edges of radiographs made of

cores, they were occasionally packed in a fin e , uniform, dry

This prevented over-exposure of the film in the area of the thin

ner edges which was projected.
The settings and equipment used in producing the radiograph were as
follows:
Picker X-ray Machines
Exposure Time

Film

Voltage

Current

soil slab on glass
plate (1/4)"

M

65kv

lOma

1 min.

extruded core

M

150kV

lOraa

4 min.

Sample
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Philfps-NorelcO X-ray Machines
Exposure Time

Samples

Film

VOltaqe

Current

soil slab on glass
plate

AA

lOOkv

lOma

8 sec.

extruded core

AA

150kv

lOma

30 sec.

M

150kv

IQma

4 min.

core in tube

The distance from the X-ray source to the film was 100 cm.
After exposure, the film was developed at 68°F in a Kodak X-ray
film developer with the following times:
Kodak KLX Developer
Stop (water)

8 min.
5 min.

Kodak KLX Fixer

10 min.

Wash (water)

20 min.

Dry

30 min.

Drying was accomplished by blowing hot a ir over the film sheets.
The hot a ir helps to minimize streaking by residual water.
In printing a positive from the X-ray, the contact method was
used.

Prints were made with Kodak Polycontrast rapid RC paper, F/MW

type.

Exposures varied with each X-ray but were usually 30 second

exposures.

The developer used was Dektol with indicator stop bath and

Edwal Industrial fixe r.

Most prints were a ir dryed for flatness.
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LAKE CHARLES SITE
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Location: LAKE CHARLES

Site: 1,2 , 3 , 4 , and5

80

PLASTICITY

INDEX

(PI)

70

60
50
40

30

20
10

0

LIQUID LIMIT (LL)

FIGURE 107 MODIFIED PLASTICITY CHART
WITH
UNIFIED SOIL CLASSIFICATION SYSTEM
(AFTER USBR 1963)
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PLASTICITY

INDEX (PI)

Location:

LAKE CHARLES

Site:

7 ,8 , and9

60
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40

CL

20

M H o r OH
CL
M L o rO L
ML
20

30

40

50

60

1

80

90

100

LIQUID LIMIT (LL)

FIGURE 108 MODIFIED PLASTICITY CHART
WITH
UNIFIED SOIL CLASSIFICATION SYSTEM
(AFTER USBR 1963)
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FIGURE 109 MOISTURE CONTENT VS SAMPLE
WITH HORIZONTAL VARIATION SHOWN
o

(VI

JO
(S«PU|)

to
K
<0
HJL9N31 3TdWVS

00

o

o
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SITE: LAKE CHARLES ( 4 ,5 ,7 ,8 ,8 9)

2 7 -3 0 '
3"a ,5 "0
27 +
Site 4
Bike

5.45

2 a 33

5.31

.01

39.6

43.2

"n

15.97

2 a 20

11.4

.0005

13.64

29.54

43.1 8

31.59

68;4I

6 9 .7

64.7

78.3

WL

16.40

2 E 20

11.4

.0005

6.05

13.40

19.44

31.12

68.88

61.2

59.3

68.7

% Cl

3 0 -3 3 1
3"a 5"0
Sites 48S

46.2

478

47.1

wn

2.2 0

2 a 20

86.42

13.58

73.5

77.9

79.8

.94

2 a 22

7 1.5

71.4

6 9 .0

5.04

2 a 73

4 9 .8

47.7

47.1

7 8.5

78.8

79.8

7 2 .9

70.0

69:0

(1 )

30 - 3 6 “
3"a5"0
Sites 4 a5

Calculated F
D.F.
Value
(3 )
(2 )

Tabulated F
a
Value
(5 )
(4 )

SAMPLE CLASSIFICATION COMPARED: 3 " 0 t 5u0 t ft BLK
Ex*lected Value
Error, %
X.
Within Among
Total
(6)+ (7) (6k,*'0C
(7 )
3” 0
(a)
V
"
72.32 28;68 4 0 .2
3.33
12.03
8.70

Depth
ft.

ACCEPT HYPOnFS/S-----

.5635 2 a 58

.291
3.16

2 a 32
2 a 34

MSE
(6 )

1.13

5.72

.3

.01

37.12

5.84

42.95

ArrFPT HYPOn.._
i 1.332

2 .Ill

13.443 84.29

15.71

uvpnrt.
nrrvtr
1

TABLE 15 STATISTICAL ANALYSIS (CRD)

X2
5" 0

X3
Bike.

<uL
% CI

u n
“
%

l
ci

Tabulated F
a
Value
(4 )
(5 )

TESTS/ SAMPLING SIZE COMPARED! 3"0, 5 " 0 ,a B L K
Expected value
Error %
a*
MSE
Total Within Among
(6)
+
(7)
(6 )
(7 )
(8)

-x |

Calculated F
D.F.
Value

OJ

Depth
ft

X2

x3

*
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SITE: LAKE CHARLES ( 4 ,5t 7 ,8 , 8 9)

5"0

8LK

(2 )

(3 )

3 0 '-3 3 ‘

4 7 .4 8

2 8 62

8.6 5

.0005

10.34

33.84

,44.18

23;4

76.6

14.62 2 0 8

3 0 -3 6 '

105.62

2 ft 77

8.37

.0005

9.24

43.41

52.65

17.5

82.5

13.75

(1 )

“W "

TABLE 06 STATISTICAL ANALYSIS (CRD)

24.95

JU-Test
pel

20.08 24i95 uu-Test
psi
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SITE! LAKE CHARLES (7, 8, 8 9)

TESTS/SAMPLING SIZE COMPARED: SM0 8 5"0

2 7 '-3 0 '

29.63

1 8 19

17.5

.0005

26

74

18.42

22.62 UU Teste, pel

30' -3 3 '

30.17

1 a 16

18.9

.0005

4.28

18.60

22.88

167

81.3

14.62

20.8

UU Tests, psi

3 3 '-3 6 '

21.88

1 a 13

21.1

.0005

3.28

14.27

17.55

18.69'! 81.31

12.95

18.41

UU Tests, psi

3.53

i a 16

13.07

3.87

16.94

77.15

10.97 14.25 UU Tests, psi

(1 )

3 6 '-3 9

Calculated F
Value
D.E
(2 )
(3 )

Tabulated F
a
Value
(5 )
(4 )

Error, %
Within Among

Ex lected Value
Total
a2
(6)+ (7)
(7 )
(8)
11.58
3 .06
8.52

Depth
ft

3.05

.10

MSE
(6 )

%f*oo t7W

x,

*2

l0< 3 - 0

5"0

228 5

TABLE 17 STATISTICAL ANALYSIS (CRD)

Remarks

F-TEST CX5MRARATIVE ANALYSIS
SAMPLE SITE

DEPTH
FT

M

•n

•

l

(<F| — a.>)

%CI
PSI

PSF

N/M*

STORAGE SIZE
DAYS

C-265B

7

27+ 823+ 40,9

71

61

2065 2974

989

4

C-285A

8

37.5

72

65

2 0 6 2 2969

987

8

C-285B

8

-----

72

65

19.90 2866

953

8

C-260A

7

4 2.6

—

—

1986 2860

951

4

C-260B
C-30IA

7

42.9
34.1

81

9

66

61
57

19.57 2818
1910 2750

937
914

1
5

C-28QA 8

39.9

66

62

18.95 2729

907

7

C-290A

8

38.4

68

63

18.54 2670

888

14

0-2808

8

44.3

66

62

17.03 2452

815

7

C-2908

8

46.4

68

63

1631 2349

781

14

C-30IB

9

36.8

66

57

15.78 2272

755

5

C-266A

7

382

71

57

15.18 2186

727

4

C-255B

7

27* 8.23+ 45.0

66

60

24.18 3482

1158

5

C-245B

7

39.6

62

56

24.05 3463

1151

8

C-250A

7

38.4

62

56

23.81 3429

1140

5

C-2706

8

41.8

70

62

23.58 3396

1129

8
5

C-250B

7

39.6

59

54

23.14 3332

1106

C-246A

7

41.9

67

62

22.65 3262

1084

8

C-255A

7

40.5

64

58

2 1 3 0 3139

1044

20

C-296A

9

34.0

66

61

20.50 2952

981

5

C-296B

9

36.0

66

57

1991 2867

953

6

3"

5"

TABLE 18 STATISTICAL DATA-LAKE CHARLES SITE
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F-TEST COMPARATIVE ANALYSIS
SAMPLE SITE

DEPTH
FT

*u

M

% CI
PSI

( f f , - a i)
STORAGE SIZE
PSF KM* DAYS

C-28IB

8

30+ 9.14+ 46.4

76

68

16.71 2406

800

5

C-29IA

e

4 7.0

71

70

15.93 2 294

763

7

C-29IB

8

48.3

—

—

15.90 2290

761

7

C-29IA

8

47.0

78

70

15.51 2233

743

5

C-286A

8

49.7

64

69

15.50 2232

742

8

C-266A

7

50.0

—

79

15.35 2 21 0

735

4

C-2868

8

46.0

64

69

14.83 2136

710

8

C-26IA

7

46.4

77

69

14.25 2052

682

4

C-302A

9

47.9

80

73

13.54 1950

6 48

4

C-302B

9

46.4

80

73

1 1.65 1678

558

4

C-26IB

7

52.5

82

74

1 1.60 1670

555

1

C-232A

7

47.2

—

—

8.99 1295

4 30

67

C-246B

7

30+ 9.14+ 41.8

78

67

23.27 3351

1114

6

C-2S68

7

44.8

73

69

22.94 3303

1098

5

C-296B

9

45.9

87

76

22.75 3276

1089

5

C-266A

7

50.8

89

73

2 2 2 4 3203

1085

5

C-276B

8

47.9

78

71

18.62 2681

891

7

C-276A

8

48.0

71

62

18.61 2680

891

8

C-26IA

7

55.5

82

69

17.15 2470

821

5

C-271B

8

51.0

14.70 21 17

704

61

3”

5"

TABLE 19 STATISTICAL DATA-LAKE CHARLES SITE
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F-TEST COMPARATIVE ANALYSIS
SAMPLE SITE

DEPTH
FT

% CI
PSI

M

PSF

»>
STOMGE SIZE
N/M* DAYS

C-262B
C-303A

7

33+ 10.06? 50.3

—

—

15.90 2 29 0

761

1

9

48.2

85

78

14.75 212 4

706

4

C-2928

8

94.9

—

73

14.40 20 7 4

689

7

C-287B

8

54.3

81

75

14.10 2 03 0

675

7

C-267B

7

51.3

82

71

13.78 1984

660

7

C-287A

S

42.6

81

78

12.22 1760

585

7

C-2828

8

54.3

86

79

11.45 1649

548

5

C-267A

7

52.3

82

71

11.45 1649

548

6

C-292A

8

52.2

83

755

1 1.22 1616

537

7

C-3038

9

50.0

82

72

10.95 1577

524

4

C-233B

7-

54.9

10.86 1564

5 20

67

C-247B

7

33* IQ06+ 47.7

68

67

20.78 299 2

995

9

C-297B

9

46.9

79

71

17.38 2503

832

5

C-272A

8

48.9

83

69

17.08 2 4 6 0

818

8

3“

5"

TABLE 2 0 STATISTICAL DATA- LAKE CHARLES SITE
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F-TEST COMPARATIVE ANALYSIS
SAMFUE SITE

DEPTH
FT
M

«n

"L

%CI

)
PSI

s m d 4PF
oars

PSF

C-304B

9

36+ 10.97+ 51.5

81

67

I3J04 1878

6 24

5

C-234A

7

51.0

81

75

12.95 1865

620

17

0 -2 6 *8

7

56.4

80

75

12.61 1816

604

6

C-263A

7

54.9

83

79

12.26 1765

5 87

6

C-266A

7

56iO

80

75

11.82 1703

5 66

6

C-288B

8

55.0

81

75

li:5 5 1663

5 53

7

C-288A

8

56:0

81

75

11.21 1614

5 37

7

C-263B ■ 7

57.8

79

lOtOI 1441

4 79

6

8

55.3

75

69

9.74 1403

4 66

7

52.2

82

73

8.53 1226

408

8

6.94

999

332

7

C-293B
C-283B
C-293A

8

545

75

69

C-246B

7

36+ I0i97+ 54.0

86

72

21.52 3099

1030

8

C-258B

7

51.2

74

77

2 08 4 3001

998

7

C-248A

7

50.0

73

72.5 15.82 2 27 8

757

8

C-253A

7

50.9

77

69

12.24 1763

566

7

C-273A

8

51.6

81

77

11.70 1685

560

8

C-258A

7

50.4

80

77

9.98 1437

478

7

C-296A

9

8 23

86

81

7.66 1106

368

7

C-305A
C-235B

9
7

39+ I ! . 89+ 53.5
555

76
77

78
72

13.14 1892
11.75 1692

6 29
563

5
17

3"

5"

.

TABLE 21 STATISTICAL DATA- LAKE CHARLES SITE
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F-TEST COMPARATIVE ANALYSIS

01L

DEPTH
SAMPLE SITE
FT
M
UN
UN

4

27+ 8.23+ 44.1
43.6

76
76

4

4

27+ 8-23+ 41.7

83

(4 ,-4 | )

%CI

PSI
6 i

PSF j N A I*

BLK

30.16 4 3 4 4 ' 1443

BLK

2 95 9 41 17

1366

38.4

4

40.5

29.63 4 267

1419

4

438

2 92 4 4211

1400

3 0 6 3 4396

1462

46.4

83

65

30.78 4432

1474

27+ 8-23+ 4 2 8

75

68

21.88 3151

1040

24.34 3 505

1165

4
4

5

47.7

5
5

43.6

2521 3 717

1236

5

440

27.96 402 6

1339

5

44.5

21.40 3062

1025

5

438

27.99 4031

1340

5

43.0

2 9 3 9 4 088
2583 3720

1359
1237

6A

4

5

I2B
I3A

5

—

I3C
5

BLK

BLK

23.83 3 4 3 2 1 1141

30+ 9.14+ 48.9

80

70

2 2 2 6 3292; 1094

50.3

80

70

22.25 3204

30+ 9.14+ 46.1

75

66

23.96 3450

Si 47

2 4 2 0 3485

1159

49.7

I3B

7A

42.3

63

41.4

68

I2A

27+ 823+

7B
—

SBE

1143
988

2 3 8 8 3 43 9
1959 2821

4

4

OftfS

47.3

75

66

25.41 3659

1217

30+ 9.14+ 49,6

80

70

23.18 3338

1110
1116

7B

50.4

23.32 3358

7C

49.9

18.30 2635

876

7D

—

17.42 2508

834

7E

48.4

24.27 3495

1162

7F

50.5

23.38 3 367

1119

80

70

BLK

1065
BLK

BLK

TABLE 2 2 STATISTICAL DATA-LAKE CHARLES SITE
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F-TEST COMPARATIVE ANALYSIS
SAMPLE SITE

DEPTH
FT
M

«n

WL

49.8

8)

p/- r i
PSI

PSF

k)
TOtAGE SIZE
N/M*

24.30 3499

1163

7
7

4916
4&4

25; 54 3678
18.62 2681

1223
.891

■ 7

46.6

26.23 377(7, J256

7

49:0

26.61 3832

7

47.5

25.54 3678. 1223

7

49t4

26.73 3849

1280

7

49.5

22.43 3237

1076

7

49.6

80

70

31.0

1465

—

86

63

23.67 34Cfe

1133

50.9

22.32 3214

1069

8

50.3
49.8

2 1 8 6 3148
2 9 2 5 4 2 (2

1047

8
8

508

27.57 3970

1320

8

49.8

24.90 3586

1192

8

—

29.17 4200

1397

7

8

5

5

30+

30+

9.14

9.14

8

8
10
10

5

30+

9.14

7D

4468

BLK

1274

BLK

1400

48.4

86

6B

28.42 4092

1361

4 8.9

62

72

18.45 2657

883

50.5

82

72

21.64 3116. 1096

-

TABLE 23 STATISTICAL DATA - LAKE CHARLES SITE
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STRAIN (In/in)

FIGURE 110 LAKE CHARLES-SITE I
B -l,

C - ! ! A , 3 0 -3 3 FEET (UU TEST)
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20

~

12

«> 10
C-57A
UU Test(oJ) s 12.5par)
C0“ 48%

02

.06

STRAIN (In/in)

FIGURE III LAKE CHARLES-SITE 3
B - 9 , C -5 7 , 3 0 - 3 3 FEET
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26
24

22

DEVIATOR

STRESS (pti)

20

.01

.02

.01

.02

.02

STRAIN (In/in)

FIGURE 112 UNCONFINED COMPRESSIVE TEST
LAKE CHARLES, SITE 4, BLOCK 4, 27 FOOT DEPTH
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28 r
26

I

24

23

DEVIATOR

STRESS

(p si)

22

10 »

.02

.03

.01
.02
STRAIN (In/in)

FIGURE 113 TRIAXIAL COMPRESSIVE TEST
LAKE CHARLES, SITE 4, BLOCK 4 , 27 FOOT DEPTH
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283

26
24

20

&

%
i

CO - 4 /%

! »•
S

O io -

8 -

.02

.03

0

.01

.03

.04

STRAIN (In/in)

FIGURE 114 TRIAXIAL COMPRESSION TEST ON BLOCK
SAMPLES, LAKE CHARLES, SITE 4 , BLOCK NO. 6 , 27 FT.
DEPTH.
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o

!oT"

!oi

^03

!o5

0

!oi

iz

.03

ife

!os

STRAIN (In/In)

FIGURE 115 UNCONFINED COMPRESSION TEST BLOCK SAMPLES- LAKE CHARLES, SITE 5 , BLK
NO. 7, 30 FT + DEPTH.
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20
-

OEVIATOR

STRESS (psi)

18

.02

.01

.02

.02

STRAIN (In/in)

FIGURE 116 TRIAXIAL COHPRESSfVE TEST
LAKE CHARLES, SITE 5, BLOCK 7, 30 FOOT OCPTH
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286
26
24

a 14 ■

ffi >2

8•

.01

.05

STRAIN (In/in)

FIGURE 117 UNCONFINED COMPRESSION TEST ON
BLOCK SAMPLES, LAKE CHARLES, SITE 5, BLK
NO. 8 , 3 0 FT + DEPTH.
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26 r
24 -

22
20

STRESS

*# «*

J
j

.02

.01

CO =50%
9L =25pSi

.02

STRAIN (In/in)

FIGURE 118 TRIAXIAL COMPRESSION TEST,
BLOCK SAMPLES, LAKE CHARLES, SITE 5,
BLK NO. 8, 30 FT. + DEPTH.
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16
14

12

UU Test (
<*)- 39%

-

U.25psi)
>

10
8
6
4

2

0

.02

.04

.C

.06

STRAIN (In/in)

FIGURE H9 LAKE CHARLES-SITE 7
B-18, C -265A , 2 7 - 30 FEET
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289

UU Tost fc3 - 12.5psi)
CO^ 47%
>

0

.02

.04

.06

.08

STRAIN (In/in)

FIGURE 120 LAKE CHARLES - SITE 7
B -17, C -2 6 IA , 3 0 - 3 3 FEET
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29?

t r 10

.02

.04

.06

STRAIN (In/in)

FIGURE 121 LAKE CHARLES-SITE 7
B-12, C -2 3 3 A , 3 3 - 3 6 FEET
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14
12
10

4

2

.02

.04

.06

.06

STRAIN (in/in)

FIGURE 122 LAKE CHARLES - SITE 7
B-17, C -263A , 3 6 -3 9 FEET
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292

24

'

UU T*st( 9 $ =!1.875pst)
0 0 = 42%
/

CO 12

55 io

.06

.01

STRAIN (In/in)

FIGURE 123 LAKE CHARLES-SITE 8
B -2 0 , C -270B , 2 7 -3 0 FEET
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293

20

UU Test

- / 1.875psi)

W - 40.J%

&
(O

.02

.04

.06

.06

STRAIN (In/in)
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LIST OF SYMBOLS
A

- activity

Cu -

undrained cohesion strength

Cy -

coefficient of consolidation

?C1 -

percent clay fraction

e

- void ratio

eQ -

original or in itia l void ratio

Gs -

specific gravity of solids

IL -

liqu idity index

Ip

plastic index

-

LDH Pc PQ

-

SPT St

Louisiana Department of Highways
preconsolidation stress
overburden stress
standard penetration test

- sensitivity

Su -

undrained shear strength

t

- time

U

-

UU -

unconfined compression strength
unconsolidated undrained triaxial compression strength

X

- mean value

Y

- unit weight

a yd -

effective stress

a

major principal stress

-

a3 -

minor principal stress

(o

moisture content

-

wn -

natural moisture content
355
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u>L -

liquid lim it

up -

plastic lim it

Other symobls defined where they occur
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